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BACKGROUND 

Th invention relates to methods and compounds for corrtrcifing inflammatory processes, in humans 
through mediation of inflammatory ceil proliferation. More particuiarty. the present invention is a method for 
rsii'ppressing TWymphocytes using a ciass of novel compounds which bind to the FKBP-type 'farnily of 
immunophilins. 

Compounds which retard the production of cytokines such as interleukin-2 {IL-2) are known. For 
instance. U.S. Patent No. 4,764,503 assigned to Sandoz Ltd., Basel, Switzeriand. describes a compound 
generically referred to as Cyclosporin A (hereinafter refen-ed to as "CsA"), and U.S. Patent No. 4,894,366 
assigned to Fujisawa Pharmaceuticals. Osaka, Japan, describes a compound they designate as *FK506.* 
Both CsA and FK 506 are claimed to inhibit IL-2 production and bind to cellular receptor proteins that 
possess Peptidyl Prolyl Isomerase (PPIase) activity (Johansson et ai.. ISSO. Transplantation 50:10017). 

It was initially postulated by those skilled in the art that the specific binding by such"compounds to 
PPIase type proteins led to inhibition of the protein's isomerase activity which, in tum, led to inhibition of T- 
cell proliferation. Thus, these PPIase type proteins were referred to as "immunophilins*. with the cellular 
receptor proteins that bound to CsA and FK506 being refenred to as "c/clcphilin " and "FKSOS binding 
protein" respectively. FK506 binding protein is also simply referred to as "FKBP" (Harding et al 1989 
Nature 341^:758). 

Recent publications report that the inhibition of PPIase activity, in and of itself, is not sufficient for 
immunosuppressant activity. However, there is support in the literature that inhibitory binding to PPIase-type 
enzymes probataly contributes to ultimate T-ceil suppression (Sigal et al. 1991, J. Exp. Med. 173:619). 

This disclosure presents a new ciass of synthetic compounds that both suppress the proliferation of T- 
cells and inhibit tiie isomerase activity of the FKBP-type of PPIases. 

CsA, a cyclic undecapeptide, has received FDA approval for use as an adjunct to organ transplant 
procedures. However, CsA is administered with caution due to its known toxicity. Currentiy, CsA is 
prescribed in situations where tf:e risks of non treatment outweigh the risks of its therapeutic complications. 

As a result efforts to expand the application of CsA into non life threatening indications such as chronic 
maintenance of autoimmune disorders have been limited by the well-known side effects of this drug. The 
use of CsA leads to a variety of disorders including: nephrotoxicity, such as impairment of glomerular 
filtration and in-eversible interstitial fibrosis. (Kopp et ai,. 1991, J. Am. Soc. Nephrol, 1:162); neurological 
deficits, such as involuntary tremors, or non-specific cerebral angina such as non-localized headaches (De 
Groen et al. 1987. N. Engl. J. Med. 317:861); and vascular hypertension with compli-cations resulting 
therefrom (Kahan et ai., 1989, N. Engl. J. Med. 321:1725). 

Recent efforts to investigate the cause of the adverse effects of CsA administration have centered on 
tile role of CsA breakdown into toxic metabolites (Bowers et ai.. 1990, Clin. Chem. 36:1875; Buri<e et al.. 
1990. Transplantation 50:901). The prevailing thought is that CsA toxicity is due to sucTTmetabolites and not 
due to the nature of the CsA binding to the PPIase, cyclophilin (Akagi et ai., 1991, J. Int Med. Res. 19:1: 
Ryffel et al., 1 988, Transplantation 46:905). ~ 

Thus, inhibitor compounds that do not resemble CsA structurally, yet bind to PPIases, should be more 
amenable to therapeutic applications. Such non-toxic immunosuppressors would benefit the art, especially 
for chronic administration such as required in the treatment of autoimmune disorders. 

The compound FK506 is structurally different from CsA and does not produce the same type of toxic 
metabolites. FK506 has been shown to be effective in some transplant patients who do not respond to CsA 
(Tucci et al., 1989, J. Immunol. 143:718). 

However, testing of FK506 in humans was delayed due to severe vasculitis observed in treatment 
regimens in dogs and baboons (Collier et ai., 1988, Transplant Proc. 20:226). Furthermore, other cUnicaJ 
side effects and complications of FK506 administration are being reported (Frayha et al., '1991, Lancet 
337-.296; Kitahara et al.. 1991, Lancet 337:1234). It has also been reported that "overaJI, the absolute rate of 
clinical rejection in FK506 [post-organ transplantation] patients is only slightiy lower than with cun^nt 
standard therapies" (Holechek, 1991. Anna. J. 18:199). 

In an attempt to alleviate the FK506 side effects, many minor modifications to the base structure have 
been reported. For example, U.S. Patent No. 5,057,608 assigned to Merck & Co. and WlPO Publication No. 
WO89/05304 assigned to RSONS PLC Inc. both disclose chemical variations of the FK506 compound. 

To date only a few studies on the metabolism of FK506 have been published, and littie information has 
been reported on the toxicity of its metabolites (Johansson et al., 1990, Trans-plantation 50:1001; Christians 
et al., 1991. Clinical Biochemistry 24:271; Lhoest et aJ., 1991, Pharmaceutica Acta Helv t'Se 66:302). Since 
it is likely that th pattern of metabolism of the FK506 analogs and derivatives are similarlo th parent 
compound, it is also likely that many of the side effects of FK506 will be shared by the derivatives. 
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As is true for CsA. the toxicity of FK5C6 is postulated to be bssed cn its structure and not due to its 
binding activity with the immunophilin FKBP. It is further postulatec tfiat the toxicity of compounds such as 
CsA and FK506 are due to various chemicaJ groups found in these structures which do not participate in the 
immunosuppressive activity, such as those groups which result in the toxic metatoiites of CsA bio- 
processing. Thus, relatively compact molecules which do not resemble either CsA or FK506. and which 
have both immuno-suppressive and PPIase binding activity should be free of side effects associated with 
CsA and FK506. 

Furthermore, the compound FK506 and its derivatives (for example such as disclosed in W!PO 
Publication No. WO92/C0278 assigned to VERTEX Pharmaceuticals Inc.) aJI share the following homo- 
proline (6-membered, proline-like) dicarbonyi backbone stucture: 




FK506 and its derivatives ail preferably rely on the two carbonyi groups at positions 8 and 9, with the 
presence of the carbonyi at the number 8 carbon being essential. The presence of the double bond oxygen 
in proximity to number 7 nitrogen creates an amide type linkage between the nitrogen at position 7 and 
carbon at position ^, ' ^ 

Recent reports have suggested that the nitrogen at position 7, along with tfie number 8 and 9 carbonyi 
groups of FK506 represent "a twist-bond amide" (Michnick et al., 1S91. Science 252:836). Based on the 
data presented in the Michnick et al. article, it was assumed and accepted by those skilled in this art that 
tile carbonyi at position 8 was tiie functional species. Jorgensen, 1991. Science 254554, teaches that this 
keto-amide moiety is critical to activity because the moiety allegedly serves as a transition state analog. 

The present description proposes that tiie carbonyi group at the number 8 position is non-essential for 
T-cell suppression, and tiie compounds of the present invention do not rely on this carbonyi group. 

The present invention presents a novel class of synthetic inhibitor compounds. The novel class includes 
synthetic 2-oxoethylene derivatives that bind to human FKBP-type PPIases and demonstrate human 
peripheral T-lymphocyte inhibitory activity. Moreover, the absence of a cart}onyl attached directly to the 
nitrogen in the proline ring (see fonnula II, below) provides" compounds that possess stability to hydrolysis 
by proteases at the N-terminus of proline. 

It is therefore an object of the present invention to provide for compounds and compositions containing 
such 2-0X0- ethylene derivatives Tor suppression of pathological and abnormal human peripheral T- 
lymphocyte proliferation. 

It is also an object of the present invention to provide a novel class of _compounds "suitable for/ 
therapeutic compositions designed to suppress'palhologica* immune responseis; such as the hyperimmune 
response in organ transplantation rejection, the self-destructive autoimmune diseases, and the overproduc- 
tion and excessive proliferation of immune cells such as in infectious disease states. 

More specific objects include provisions for compounds, compositions and methods for treatment and 
prevention of rejection of transplanted organs or tissues such as kidney, heart lung, liver, bone marrow, 
skin grafts, and corneal replacement 

It is a further object to provide conipounds. compositions and methods for use in the treatment of 
autoimmune, degenerative, inflammatory, proliferative and hyperproFiferalive diseases, such as rheumatoid 
arthritis, osteoarthritis, other degenerative joint diseases, joint inflammation such as associated with 
infectious diseases such as suppurative arthritis, and secondary arthritis such as thos associated with gout 
hemochromatosis, rheumatic fever, Sjorgens syndrome and tuberculosis. 

Anotiier object is to provide compounds, compositions and methods for use in tiie treatment of lupus 
erythematosus, systemic lupus erythematosus, Hashimoto's thyroiditis, muttipl sclerosis, myasthenia 
gravis, typ 1 diabetes, uveitis, nephrotic syndrome, and of cutaneous manifestations of immunologfcally- 
mediated diseases such as psoriasis, atopic dermatitis, contact dermatitis, eczematous dermatitides. 
seborrheic dermatitis, lichen planus, pemphigus, bollous pemphigoid, epidermolysis bullosa, urticaria, 
angioedemas, vasculitides, erythemas, cutaneous eosinophilias. and alopecia areata. 
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Yet another object is to provide compounds, compositions and methods fcr use in the treatment of « 
abnormal T-csil proliferation such as lymphocytic leukemia; Hodgkin's disease, especially those subtypes 
involving abnormal T-ceil subpopuiations; non-Hcdgkin*s lymphomas, such as mycosis fungoides, ccn- 
vulated lymphocytic lymphoma, and immunoblastic sarcoma; and chronic lymphadenitis. 

The above lists are non-limiting, and one skilled in the art could easily adapt the compounds, 
compositions and methods of the present invention to otiier indications, such adaptations being within the 
spirit and scope of the Invention which will be described hereinbeiow. 

SUMMARY OF THE INVENTION 

The presentiy claimed invention relates to compounds comprising at least one of the following structures: 



a) hydrogen, 

b) linear or branched alky! (01 -C8) which may b6 substituted independentiy or simultaneously up to two 
times by 

i) hydroxy. 

ii) phenyl which may be substituted by straight or branched aikyi (01-08), or straight or branched 
alkoxy (01-06). 

iii) cycioalkyi (03-010) which may be substituted by straight or branched aikyI (01-08). or straight or 
branched alkoxy (01-06). 

iv) bicycioaikyi (06-012) which may be substituted by straight or branched aikyI (Ol-OlO), or straight 
or branched alkoxy (01-08). 

v) tricycioaikyi (07-014) which may be substituted by straight or branched aikyI (01-08), or straight or 
branched alkoxy (01-06), 

vi) tetracycloalkyi (C10-O14), which , may be substituted by straight or branched alkyi (01-08), or 
straight or branched alkoxy (01-06). 

vii) morphoiinyl, 

c) aikene (03-010), diene' (04-010). or triene (08-018), which may be substituted independentiy or 
simultaneously up to three times by 

i) phenyl, 

ii) straight or branched alkyl (01-08), 

iii) straight or branched alkoxy (01-06), 

d) cycioalkyi (05-010), or the cycioalkyi fragment 



R2 fl^ 




P 



where 
is 




J 



L 



where 

m is an integer of 0, 1 , or 2; 
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J, K, and L are independently or simultaneously 

i) hydrogen 

ii) straight or branched aikyi (Cl-CS), which may be substituted by phenyl, or straight or branched 
alkoxy (Cl-CS). 

5 ill) straight or branched aikoxy (Cl-CS) 

iii) phenyl, or 

iv) phenyl substituted by straight or branched alky I (C1-C6), or chlcnne, or straight or branched aJkoxy 
(C1-C6). 

e) bicycloaikyi (C7-10). trc/cioaikyl (C7-14), tetracydoaikyl {C10-C16). or pentacydoaikyi (C11-C20), 
70 which may be independently or simultaneously substituted up to 3 times with straight or branched alkyi 

(Cl-CS). or straight or branched aikoxy (Cl-CS). or phenyl 

f) the aryl derivatives tetrahydronaphthyl. benzothienyl. benzofuryl, benzcpyranyl, furyl, pyridyl, pyranyl, 
1 .3-oxa20iyl, or naphthyi. These aryl derivatives may be independently or simultaneously substituted up 
to two times by 

75 i) straight or branched alkyI (Cl-CS). 

ii) straight or branched aikoxy (Cl-CS) 

iii) halogen, where halogen is fluoro. chioro, bromo. or iodo. 

g) the piperonyl fragment 




where 

z is an integer of 1 , or 2; 

30 and P, £2, and can be independently or simultaneously hydrogen, straight or branched alky I (C1-C6). 
straight or branched aikoxy (C1-C6), or chlorine, 
h) the aryl derivative 



55 




40 

where 

U. V. and W can be independently or simultaneously 

i) hydrogen 

ii) straight or branched alkyI (Cl-CS), straight or branched aikoxy (C1-C6). phenyl, or phenoxy. These 
45 group may be substituted by phenyl, straight or branched aikoxy (C1-Co), or phenoxy. 

iii) hydroxy. 

iv) halogen 

v) nitro, 

vi) benzoyl, 

so Y is a covalent bond, oxygen, NR^, where is hydrogen, 
in addition to that'described above. 
R'— Y— may also be 




5 
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where 

k is an integer of 1 , or 2; 
R8 is 

a) hydrogen. 

5 b) carboaikoxy with a straight or branched aJkoxy {C1-C6) 

c) straight or branched aikyi (C1-C6) which may be substituted by phenyl, or straight or branched aikcxy 
{C1-C6) 

d) phenyl, or phenyi substituted by haicgen 

is phenyi which may be substituted by straight or branched alkyI (Cl-CS). 
10 P? and R^ are defined as follows: one of R^ and R^ are hydrogen, and the other is hydrogen or straight or 
branched alkyi (C1-C6). 
n is an integer of 2 or 3. 

A is oxygen or NR^o. where R^° is hydrogen or straight or branched alky! (C1-C6). 
R* and R^ may independently or simultaneously be 
IS a) hydrogen. 

b) straight j3r branched aikyi (C1 -C8) which may be substituted by 
I) phenyi. or phenyl substituted by hydroxy or alkoxy (C1-C2) 

ii) cycioalkyi {C5-C6) 

iii) alkylthio (C1-C6) 
20 iv) carboxamido 

v) straight or branched alkoxy (C1-C6) which may be substituted by phenyl 

c) phenyi 

d) cycioalkyi (C3-C7), which may be substituted by straight or branched alkyi {C1-C6) 
In addition, R* and R^. taken together can be , 

25 -{CH2)r- 
where 

r is an integer of 4 or 5. 
G is one of the fragments 

-HC = CH-. -CHa • CH2-, or -CH2- 
30 or one of the fragments 



O O 
u n 

— C-N— or — C-O— 

3S I 

where R^^ \^ hydrogen or methyl., and it is understood that the carbonyl group is attached to the carbon 
bearing R* and R^ and that NR^^ g^d oxygen are connected to R^. respectively, 
40 p is an integer oro or 1. . 
R« is 

a) hydrogen 

b) straight or branched aifcyl (C1-C6) which may be substituted by 
1) phenyl 

4S iO phenyl substituted with straight or branched aikyi (C1-C6), straight or branched alkoxy (C1-C6) 

;iO pyridyl 

c) phenyl, naphthyl, furyl. thiofuryl, cycioalkyi {C5-C8) bicycioalkyi (C8-C10), tricycioalicyl (C7-C12), 
tetracycloalkyi (CIO-CI6), pentacydcalkyl (C11-C20) or benzoyl. These groups may be substituted by 

i) amine. 

so ii) amino substituted by a straight or branched alkoxycarbonyl (C1-C8) that may be substituted by 

phenyl or an alkene (C2-C6). 

iii) amino substituted by aikanoyi (C1-C6). or benzoyl 

iv) sulfonamid (-SOjNHj) 

v) hydroxy, or a straight or branched alkoxy (C1-C6), that may be substituted by phenyl 

55 Included within the scope of the present invention are pharmacuetically acceptabi salts of the above 
mentioned compounds. Pharmaceutically acceptable salts can be derived from mineral acids, carboxyiic 
acids or sulfuric acids preferred from hydrochloric acid, hydrobromic acid, sulfuric acid, methane sulfuric 
acid, ethane sulfonic acid, toluene sulfonic acid, benzene sulfonic acid, naphthalene disuifonic acid, acetic 
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acid, propionic acid, lactic add, tartaric add, dtric acid, fumaric acid, maieic add or benzoic acid. Most 
preferred are the hydrcchiorides. 

in th case of the present compounds being carboxylic acids or containing acidic functionaJ groups, the 
invention includes metai salts and ammonium salts. Prefenred are scdium, potassium or ammonium salts. 
The compounds of this invention exist as stereoisomeric forms, which either behave like image and mirror 
image (enantiomers) or not (diastereomers). Included within the scope of the invention are the enantiomers, 
the racemic form as weil as diastereomeric mixtures. Enantiomers as well as diastereomers can be 
separated by methods known to those skilled in the art (compare EL Eiel, Stereochemistry of Carbon 
Compounds, McGraw Hii!, 1962). 

Preferred compounds comprise at least one of the following structures: 



where is 

a) hydrogen, 

b) linear or branched alkyi (C1-C6) which may be substituted 

i) once by hydroxy. 

ii) once by phenyl which may be substituted by straight or branched aikyi (01 -04). or straight or 
branched aikoxy (01 -C8), 

iii) once by cycioalkyi (03-08) which may be substituted by straight or branched alky I (01-08), or 
straight or branched aikoxy (01-04), 

iv) once by bicycioaikyi (06-010) which may be substituted by straight or branched alky! (01-08). or 
straight or branched aikoxy (01-04). 

. v) once by tricycioalkyi (07-012) which may be substituted by straight or branched alkyI (01-06), or 
straight or branched aikoxy (01-04). 

vi) once by tetracycloalkyl (010-012), which may be substituted by straight or branched alkyI (01-03). 
or straight or branched aikoxy (01-04). 

vii) up to two times by phenyl and cycioalkyi (05-07), or 

viii) up to two times by phenyl and morpholinyl. 

c) aikene (03-08). which may be substituted by phenyl, straight or branched alkyI (01-04). or straight or 
branched aikoxy (01-04), 

d) diene (04-07) substituted by sti^ght or branched alkyI (01-06). or straight or branched aikoxy (01- 
04). . 

e) triene (O10-C16) substituted up to three times by straight or branched alky! (01-06), or straight or 
branched aikoxy (01-04), 

f) cycioalkyi (05-01 0), or the cycioalkyi fragment 



R2 




P 



J 




where 

m is an integer of 0. 1 , or 2; 

J, K, and L-are independentiy or simultaneously 



i) hydrogen 
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ii) Straight or branched aikyi (C1-C5). which may be substituted by phenyl, or straight or branched 
alkoxy (C1-C4). 

iii) phenyl, or 

iv) phenyl substituted by straight or branched aikyI {C1-C4), or chlorine, or straight or branched aikoxy 
5 (C1-C4), 

g) bicycioaikyi {C7-10) which may be substituted up to 3 times with straight or branched aikyI (C1-C6), or 
straight or branched aikoxy {C1-C4). 

h) tricycloaikyi (C7-14) which may be substituted up to 3 times with straight cr branched aikyI (CI -Co), or 
straight or branched aikoxy (C1-C4). 

70 i) tetracycloaikyi (C10-C15) which may be substituted up to 3 times by straight or branched aikyi (Ci- 
C6). or straight or branched aikoxy (C1-C4). 

j) naphthyl. or the heteroaryl derivatives benzothienyl. benzofuryl, benzcpyranyl, furyl. pyridyl, pyranyi, or 
1 ,3-oxa2oiyL These derivatives may be substituted up to two times by 

i) straight or branched aikyf {C1-C6) 
15 ii) halogen. 

iii) or both 
k) 1,2.3.4-tetrahydronaphthyl. 
I) the piperonyl fragment 



20 




where 

30 2 is an integer of 1 . or 2; 

and E\ E^. and can be independently or simultaneously hydrogen, straight or branched alky I (C1-C4). 
straight or branched aikoxy {C1-C4), or chlorine, 
m) the aryl derivative 




where 

U, V, and W can be independentiy or simultaneously 
i) hydrogen 

45 ii) straight or branched aikyI (C1-C4). which may be substituted by phenyl 

iii) straight or branched aikoxy (C1-C6) which may be substituted by phenyl, straight or branched 
aikoxy (C1-C4), or phenoxy. 

iv) hydroxy, 
V) phenyl, 

so vi) halogen 

vii) nitro. ' 

viii) benzoyl. 

ix) phenoxy. 

Y is a covalent bond, oxygen. NR^, where is hydrogen. 
55 in addition to that described above, 
R^— Y— may also be 
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where 

k is an integer of 1, or 2; 
R« is 

a) hydrogen. 

b) carboalkoxy with a straight or branched alkoxy {C1-C4) 

c) straight or branched aikyi (C1-C4) which may be substituted by phenyl, or straight or branched alkoxy 
{C1-C4) 

d) phenyl, or phenyl substituted by halogen 

is phenyl which may be substituted by aikyI (C1-C4), 
R2 and are defined as follows: one of R^ and R^ are hydrogen, and the other is hydrogen or straight or 
branched alkyl (C1-C6). 
n is an integer of 2 or 3. 

A Is oxygen or NR'o. where R^° is hydrogen or straight or branched alkyl {C1-C4), 
R* Is 

a) hydrogen. 

b) straight or branched alkyl {C1-C6) which may be substituted by 

i) phenyl, or phenyl substituted by hydroxy of methoxy 

ii) cycioalkyi (C5-C6) 

iii) aikylthio {C1-C6) 

iv) carboxamido 

v) straight or branched alkoxy (C1-C6) which may be substituted by phenyl 

c) phenyl 

d) cycloaJkyI (C3-C7), which may be substituted by straight or branched alkyl (C1-C6) 

R* is hydrogen or straight or branched alkyl {C1-C4). In addition, R* and R^, taken together can be 

where r is an integer of 4 or 5. 
G is one of the fragments 

. -HC = CH-. -CH2 • CH2-, or -CH2- 
or one of the fragments 



O O 

II u 

. — C-N— or — C-O— 
ni2 



where it is understood that the carbonyl group is attached to the carbon bearing R* and R^ and that NR^^ 
and oxygen are connected to R* , respectively, R'^ \^ hydrogen or methyl, 
p is an integer of 0 or 1 . 
R« is 

a) hydrogen 

b) straight or branched alkyl (C1-C4) which may be substituted by 

i) phenyl 

ii) phenyl substituted with straight or branched alkyl (C1-C4), straight or branched alkoxy (C1-C4) ' 

iii) 2- or 4-pyridyl 

c) phenyl or naphthyl. which may be substituted by 

i) amine, 

ii) amino substituted by a straight or branched alkoxycarbonyl (C1-C6) that may be substituted by 
phenyl or an alkene (C2-C6). 

iii) amino substituted by alkanoyi (C1-C6), or benzoyl 

iv) sulfonamide (-S02NH2) 
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v) straight or branched aikoxy (C1-C6), that may be substituted by phenyl 

d) benzoyl 

e) furyl» or thiofuryl 

f) cycioaikyl (CS-CS), bicycicaJkyI (C8-C10). tric/cioaJkyi (C7-C12). or tetracycioalkyl (C10-C14) 
included within the scope of the present invention are pharmacueticsily acceptable salts of th above 

mentioned compounds. PharmaceuticaJly acceptatle saits can be derived frcm mineral acids, cartoxylic 
acids or sulfuric acids preferred from hydrochloric acid, hydrobromic acid, sulfuric acid, methane sulfuric 
acid, ethane sulfonic acid, toluene sulfonic acid, benzene sulfonic acid, naphthalene disulfonic acid, acetic 
acid, propionic acid, lactic acid, tartaric add. citric acid, fumaric acid, maleic acid or benzoic acid. Most 
prefen^ed are the hydrochlorides 

Most prefen^ed are compounds comprising at least one of the following structures: 



a) hydrogen, 

b) linear or branched alkyi (C1-C8) which may be substituted by 

i) hydroxy, 

ii) phenyl, or phenyl substituted by straight or branched alkyI (Cl -C4) 

Hi) cycioaikyl (C3-C8) which may be substituted by straight or branched alky I (C1-C4) 

iv) bicycloalkyi (C6-C9) which may be substituted by straight or branched aikyi (C1-C6) 

v) tricycloaikyi (C7-C12) which may be substituted by straight or branched aikyI (C1-C4) 

vi) tetracycloalkyi (C10-C12), which may be substituted by straight or branched aikyI (C1-C6) 

vii) both phenyl and cycioaikyl (C5-C6). or 

viii) both phenyl and morphoiinyl. 

c) alkene {C3-C6), which may be substituted by phenyl. 

d) diene (C5-C6) substituted by straight or branched alky I (C1-C4) 

e) triene (C13-C16) substituted up to three times by straight or branched alkyI (C1-C4). 

f) cycioaikyl (C5-C6). or the cycioaikyl fragment 



where 

m is an integer of 0, l, or 2; 

J, K, and L are independently or simultaneously 

i) hydrogen 

ii) straight or branched alky! (Cl-CS), 
ill) phenyl, or 

iv) phenyl substituted by straight or branched alkyI (C1-C4), or chlorine, or straight or branched aikoxy 
(C1-C4). 

g) bicycloalkyi (C7-6) which may be substituted up to 3 times with straight or branched alkyI (C1-C4). 

h) tricycloaikyi {C7-12) which may be substituted up to 2 times with straight or branched alky I (C1-C6). 



r2 R= 




where 
is 




L 



10 
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i) tetracydoalkyi (Cl0-Ci2) which may be substituted up to 3 times by straight or branched aikyi {C1- 
C4). 

j) 2-faenzothienyl substituted independently or simultaneously at least twice by either 

i) straight or branched aikyi (C1-C3) 
5 ii) chlorine 

iii) or both 
k) 2-furyl. 
I) 2-pyridyl. 
m) 2-naphthyl. 
70 n) 1 ,2,3,4-tetrahydronaphthyi. 
o) 2-ben20pyranyL 
p) 2-benzofuryL 
q) the piperonyl fragment 



20 




. where 
25 2 is an integer of 1 , or 2; 

and E, E2. and £3 are hydrogen 
r) the aryi derivative 




35 



where. 

U. V, and W can be independently or simultaneously 

i) hydrogen 

40 i) straight or branched aikyi (Ct-C4), 

ii) straight or branched alkoxy (C1-C4). 

iii) alkoxy (C2) substituted by alkoxy (C2). or phenoxy. 

iv) hydroxy, 
y) phenyl, 

45 vi) fluorine, 

vii) chlorine. 

viii) bromine, 

ix) nitro, 

x) benzyioxy, 
50 xi) benzoyl, 

xii) phenoxy, 

Y is a covalent bond, oxygen. NR^, where R^ is hydrogen, 
in addition to that described above, 
R'— Y— may also be 



55 
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where 

k is an integer of 1 , or 2: 
R8 is 

TO a) hydrogen. 

b) cartoaJkoxy with aikcxy (C1-C2) 

c) straight or branched alkyi (C1-C4) which may be substituted by phenyl. 

d) phenyl 
P? is phenyl 

75 R2 and are defined as follows: one of and R^ is hydrogen, and the other is hydrogen or straight or 
branched aikyi (C1-C4). 
n is an integer of 2 or 3. 

A is oxygen or NR^°, where R^*' is hydrogen or methyl. 
R* is 

20 a) hydrogen. 

• b) straight or branched alky! {C1-C4) which may be substituted by 
i) phenyl 

li) cycioaikyl (CS-C6) 
, iii) alkyithio (C1-C4) 
25 Iv) carboxamido 

v) benzyloxy 
c) phenyl 

Rs is hydrogen or straight or branched alky I (C1-C4). In addition. R* and R^. taken together can be 

30 where r is an integer of 5. 
G is one of the fragments 

-HC = CH-. -CHa . CH^-, or -CHj- 
or one of the fragments 



35 



40 



O O 

H tt 

— C-N— or — C-O— 
I 



R 



12 



where it is understood that the carbonyl group Is attached to the carbon bearing R* and R^ and that NR'^ 
and oxygen are connected to R^. respectively, R'^ Is hydrogen or methyl, 
p is an integer of 0 or1 . ^ ^• 
R« is 

45 a) hydrogen 

b) straight or branched alky! (C1-C4) which may be substituted by 

i) phenyl 

ii) phenyl substituted with alkoxy (C1-C2) 
ili) 2- or 4-pyridyl 

50 c) phenyl which may be substituted by 

i) amino, 

ii) amino substituted by allyloxycarbonyl 

iii) amino substituted by acetyl 

iv) amino substituted by benzoyl 

55 v) amino substituted by benryloxycarbonyl 

iii) sulf onamid {-SO2 NH2 ) 

iv) straight or branched alkoxy (C1-C4) 
d) benzoyl 
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e) furyl 

f) nayhthyl 

g) cycioaikyl (C5-C8) 

h) tetracydoaikyi {C10-C12) 

5 Included within the scope of the present invention are pharmacueticaily acceptable salts of the above 
mentioned compounds. Most preferred are the hydrochlorides. 

Preferred Method of Synthes is 

10 



75 




A convenient route to prepare the present compounds was to alkylate selected cyclic imino acids with 
a-substituted methyl carbonyl compounds (Eq. 1 .0), The o-substitution could be in the form of haiides such 
as chloride, bromide and iodide, but can be extended to other groups that are ameanable for displacement. 

20 Solvents useful for effecting this transform include ethyl ether, tetrahydrofuran. alcohol solvents, or nitrile 
solvents such as acetonitrile. In certain cases, it may be advantageous not to use solvents. There are a 
number of possible conditions and variations that could be used for this type of synthesis route, such 
possibilities being well known to those skilled in the art. (For example, see Miyazawa, 1980, T. Bull. Chem. 
Soc. Japan 53:2555). 

25 ' 

When properly substituted, the products from the reaction depicted in Eq. 1.0 can themselves serve as 
intemnediates for the synthesis of other analogs. Hence 2-alkoxy derivatives of these 2-oxoethyl analogs can 
be converted to the corresponding acid derivatives using methods known in the art (T. W. Greene et ai. 
Protective Groups in Organic Synthesis, 2nd Edition; John Wiley & Sons, 1S91). The add functionality that 
30 results may be converted to an activated acyl derivative and coupled to an appropriate Y-R1 derivative 
using methods described eariier (Bodanszky The Practice of Peptide Synthesis: Springer-Verlag, Vol 21, 
1984). 



35 




(2.0) 



40 

In another embodiment, substituted 2-oxoethyl derivatives may be converted to active embodiments of 
this invention by coupling to an appropriate A-R derivative using methods described in the literature 
(Bodanszky The Practice of Peptide Synthesis: Springer-Veriag. Vol 21, 1984). 



45 



50 




The alpha-halo ketones and esters used are either commercially available or can b prepared from 
steps available in current literature. For example, the alpha-halo esters can be prepared from the 
con-esponding alcohols by treatment with alpha-halo acetyihalides such as alpha-chloro acetylchloride, and 
55 the alpha-halo ketones can be prepared from the corresponding carboxylic acids. Thus, th carboxy groups 
are transformed into eitiier an add chloride or an anhydride and treated with diazomethan to provide the 
corresponding alpha-diazo ketone. The diazo ketones are converted to alpha-halo ketones upon treatment 
with hydrogen haiides such as HCI. 

1 n 
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The presently claimed compounds were found to be effective at low micrcmolar doses in both in vitro 
PPIase enzyme inhibition assays and in vtvo assays for inhibition of mitcgen-induced human T-cell 
proliferation. Moreover, the results from the graft vs. host assay (described in detail further below) indicate 
that the present class of compounds exhibit desirable biclcgicai properties (prophylactic prevention of 
lymph node swelling), with no obvious toxicity at 100 mg/kg concentrations. 

The present invention encompasses pharmaceutical formulations which, in addition to non-toxic, inert 
pharmaceuticaJly suitable excipients, contain the compounds of the invention. 

The present invention also includes pharmaceutical formulations in dosage units. This means that the 
formulations are present in the form of individual part, for example, tablets, dragees. capsules, caplets, pills, 
suppositories and ampules, the active compound content of which corresponds to a fraction or a multiple of 
an individual dose. The dosage units can contain, for example, 1. 2, 3 or 4 individual doses; or 1/2, 1/3 or 
1/4 of an individual dose. An individual dose preferably contains the amount of active compound which is 
given in one administration and which usually conresponds to a whole, one half, one third or one quarter of a 
daily dose. 

By non-toxic inert pharmacsutically suitable excipients there are to be understood solid, semi-solid or 
liquid diluents, fillers and formulation auxiliaries of all types. 

Preferred pharmaceutical formulations which may be mentioned are tablets, dragees, capsules, caplets, 
pills, granules, suppositories, solutions, suspensions and emulsions, paste, ointments, glues, creams, 
lotions, dusting powders and sprays. Tablets, dragees, capsules, caplets. pills and granules can contain the 
active compounds in addition to the customary excipients, such as (a) fillers and extenders, for example, 
starches, lactose, sucrose, glucose, mannitol and silicic acid, (b) binders, for example, carboxymethyicel- 
lulose. alginates, gelatin and polyvinylpyrrolidone, (c) humectants. for example, glycerol, (d) disintegrating 
agents, for example, agar-agar, calcium carbonate and sodium carbonate, (e) solution retarders, for 
example, paraffin and (f) absorption accelerators, for example, quaternary ammonium compounds, (g) 
wetting agents, for example, cetyl alcohol and glycerol monostearate. (h) absorbents, for example, kaolin 
and bentonite and (i) lubricants, for example, talc, caldum stearate. magnesium stearate and solid 
polyethylene glycols, or mixtures of the substances listed under (a) to (I) directly hereinabove. 

The tablets, dragees, capsules, caplets, pills and granules can be provided with the customary coatings 
and shells, optionally containing opacifying agents and can also be of such composition that they release 
the active compounds only or preferentially in a certain part of the intestinal tract optionally in a delayed 
manner. Examples of embedding compositions which can be used are polymeric substances and waxes. 

The active compounds can also be present in microencapsulated fonn, if appropriate with one or more 
of the abovementioned excipients. 

Suppositories can contain, in addition to the active compounds, the customary water-soluble or water- 
insoluble excipients, for example, polyethylene glycols, fats, for example, cacao fat and higher esters (for 
example. 0^^ -alcohol with Cis -fatty acid), or mixtures oif these substances. 

Ointments, pastes, creams and gels can contain, in addition to the active compounds, the customary 
excipients, for example, animal and vegetable fats, waxes, paraffins, starch tragacantti, cellulose derivatives, 
polyethylene glycols, silicones, bentonites, silicic acid, talc and zinc oxide, or mixtures of these substances. 

Dusting powders and sprays can- contain, in addition to the active compounds, the customary 
excipients, for example, lactose, talc,, silicic acid, aluminum hydroxide, caldum silicate and polyamide 
powder, or mixtures of. these substances. Sprays can additionally contain customary propellants, for 
example, chlorofluorohydrocarbons. 

Solutions and emulsions can contain, in addition to the active compounds, customary exdpients, such 
as solvents, solubilizing agents and emulsiflers, for example, water, ethyl alcohol, isopropyl alcohol, ethyl 
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1 ,3-butylene glycol, dimethyf- 
fomiamide, oils, in particular, cottonseed oil, groundnut oil, com germ oil, olive oil, castor oil and sesame oil, 
glycerol, glycerol formal, tetrahydrofurfuryl alcohol, polyetiiylene glycols and fatty add esters of sorbitan, or 
mixtures of these substances. 

For parenteral administration, tfie solutions and emulsions can also be in a sterile form which is isotonic 
with blood. 

Suspensions can contain, in addition to the active compounds, customary exdpients, such as liquid 
diluents, for example, water, ethyl alcohol or propylene glycol and suspending agents, for xample, 
ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, 
aluminum methydroxide, bentonite, agar-agar, and tragacanth, or mixtures of these substances. 

Th abovementioned pharmaceutical formulations can also contain other pharmaceutical active com- 
pounds in addition to the claimed compounds of th present invention. 
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Th aforementioned pharmaceutical formulations are prepared in me customary manner by known 
methods, for example, by mixing the active compound or compounds with the exdpient or excipients. 

The formulations mentioned can be used either with humans and animals, orally, rectaily. bucally. 
parenteraily (intra-venousiy, intramuscularly or subcutaneousiy), intradSiemaily, intravaginaily, In- 
5 traperitoneaily or locally (dusting powder, ointment or drops) and for the therapy of infection in hollow 
spaces or body cavities. Suitable formulations are injection solutions, sciuticns and suspensions for oral 
therapy, gels, pour-on formulations, emulsions, ointments or drops. Ophthaimological and dermatological 
formuiaticns, silver salts and other salts, ear drops, eye ointments, powders or solutions can be used for 
local therapy. 

10 It is furthermore possible to use gels, powders, dusting powders, tablets, sustained release tablets, 
premixes, concentrates, granules, pellets, capsules, caplets. aerosols, sprays and inhalates on humans and 
animals. The compounds according to the invention can furthermore be incorporated into other carrier 
materials, such as, for example, plastics (e.g., chains of plastic for local therapy), collagen or bone cement 

75 DETAILED DESCRIPTION 

The following describes a preferred way to prepare the compounds of the present invention. 

REAGENTS AND INSTRUMENTS: 

20 

Anhydrous tetrahydrofuran (THF). ethyl ether (Et20), and acetonitrile were distilled from caldum hydride 
prior to use. Unless otherwise stated, all reagents discussed in the following examples were commercially 
available from Aidrich Chemical Co, Milwakee, Wl. or Janssen Chimica through ttie U.S. vender Spectrum 
Chemicals Mfg. Corp., New Bainswick, NJ. The general procedure for converting methyl-ketones to et- 
as bromoketones (unless othenvise specified) was according to steps described in Jaques et ai., 1988. Org. 
Synth. Coll. 6:175-178. 

All reactions were earned out in oven-dried glassware (140 'C) which were cooled under argon prior to 
use. Crude products were purified by flash column chromatography using 230-400 mesh silica gel (35-70 
um) or medium/high pressure liquid chromatography using Shimadzu LC-8A Preparative liquid chromatog- 
30 raphy system equipped with columns packed with either 20 um or 10 um silica. Thin layer chromatography 
(TLC) was performed on aluminum-backed silica gel plates, and visualization was accomplished with a UV 
light or an iodine vapor chamber. 

Proton (^H) nuclear magnetic resonance (NMR) spectra were obtained cn GE-OMEGA-300 spectrom- 
eters at 300 MHz. Carbon f^C) NMR were obtained on these same spectrometers at 75 MHz. Mass 
35 Spectral data were obtained on a Kratos-MS 80RFA spectrometer using electron impact ionization (EI), 
chemicalJonization (CI), or fast atom bombardment (FAB). Mass Spectral (MS) data were obtained on a 
• Kratos CONCEPT* l-H spectrometer, using liquid-cesium secondary ion (LSI) technique, a more modem 
version of fast atom bombardment (FAB), 

Melting points were obtained on a Thomas Hoover capillary melting point apparatus in open-ended 
40 capillaries and are not corrected. 

General Process for Preparing alpha-halo Ketones from Carboxylic Adds. 

2-Chloro-4'-<n-Pentyl) Acetophenone. A solution of 4-pentyl-benzoic add (1.178 g, 6.13 mmol) and 
4S oxalyl chloride (630 uL, 855 mg, 6.74 mmol, 1.1 eq) in dichloromethane (15 mL) was stirred at 22 ^'C for 10 
min, then treated with one drop of N,N-dimethylformamide at 22 'C {Caution, gas evolution may become 
brisk}. After gas evolution was no longer observed, the flask was fitted with a condenser and wanned to 
reflux for 30 min. The solution was cooled to -5 ^'C, and cannulated into a cold (-5 ^'C), ethereal solution of 
diazomethane (40 mL). After the solution was stirred at -5 'C for 30 min, the flask was removed from the 
50 cold bath and the yellow solution was allowed to stir at 22 for 2 hrs (preferably in the dark). The solution 
was concentrated in vacuo, and purified by flash chromatography (5% ethyl acetate in hexane) to provide 
33 mg (1 .3%) of 2-chloro-4'-{n-pentyl) acetophenone and 586 mg- (44%) of 4*-(n-pentyl) diazoacetophenone 
as a bright yellow oil, 
Rf (10% ethyl acetate in hexane) = 0.37 
55 ^H NMR (300 MHz, CDCb) a 7.65 (d. J = 8.1 Hz, 2 H). 7.20 (d, J = 7.9 Hz. 2 H), 5.93 (s, 1 H CHNj). 2.60 
(m, 2 H). 1.58 (m, 2 H). 127 (m, 4 H), 0.86 (t. J = 6.9 Hz. 3 H). '^c NMR (75 MHz, COCb) $ 186.78 (C = 0). 
149.05, 134.92. 129.31, 127.43. 54.47 (C = N2). 36.53. 32.06. 31.46. 23.14, 14.64. 
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The diazo compound was quickly taken up in ethyl acetate (120 mL), and the solution was cooled to -5 
•C. To this was added a 1.0 M solution of HCI in ether (Aldrich. 6.0 mL). Gas evolution was observed, and 
the yellow solution became colorless. The flask was removed from th cold bath and the solution was 
allowed to stir at 22 'C for 2 hrs. The solution was poured into a separatcry funnel, washed with satd aq 
NaHCOo. dried (MgS04) and concentrated in vacuo to provide 0.595 g {98% based on starting diazo 
compd.) of 2-chioro-4'-(n-pentyl) acetophenone as a coioriess oil. 

iH NMR (300 MHz, COCb) S 7.82 (d. J = 6.5 Hz, 2 H). 723 (d, J = 6.5 Hz, 2 H). 4.64 (s. 2 H, CHjCI). 2.60 
(m, 2 H). 1.58 (m, 2 H). 128 (m, 4 H). 0.86 (t, J = 7.1 Hz. 3 H). NMR (75 MHz, CDCIa) 5 19125 (C = 0). 
150.55. 132.55. 129.55. 129.27, 46.85 (CHjCI). 36.63. 32.06. 31.34. 23.14. 14.65. 

Example 1 




L-lsoleucine, N-t1-<2-B€nzyloxy-2-Oxoethyl)-L-Prolyn Benzylamlde. 

a) N-{tert-Butoxyca rfaonyl)-L-lsoleudne Senzylamide. Into a 500 mL round bottomed flask equipped with 
a magnetic stiffer was added N-{tert-butoxycarbonyl)-L-isoleucine (22.53 g. 97.39 mmol. 1.0 eq) and THF 
(300 mL). The solution was stin-ed until homogeneous, cooled to -5 • C, and treated with N-ethylmor- 
pholine (1423 mU 1288 g, 112.0 mmol. 1.15 eq). The solution was stirred at -5 for 20 min. and 
isobutyl chioroformate (1324 mU 13,90 g, 102 mmol. 1.05 eq) was added dropwise over 10 min. After 
stirring at -5 "C for 30 min. benzylamine (1224 mL, 1Z0 g, 112.0 mmol, 1.15 eq) was added dropwise 
over 10 min. After the addition was complete, the flask was removed from the cold bath and the solution 
was stirred at 22 °C for 2.5 hrs. The solution was concentrated to a residue, and partitioned between 
etiiyl acetate (200 mL) and water (100 mL). The aqueous layer was extracted with ethyl etiier (2 X 100 
mL) and discarded. The organic extracts were combined, washed with IN HCI (5 X 50 mL), 1 N NaOH (3 
X 50 mL), satd. aq NaCl (50 mL), and dried (MgSO*). Tlie solution was concentrated In vacuo to provide 
29.93 g' (96 %) of N-{tert-butoxycarbonyl)-L-isoleucine benzylamide as a white solid. 

mp= 125-126 **C 

R,(100% ethyl acetate) = 0.74 

Ri (50 % ethyl acetate in hexane) = 0.60 

b) L-lsoieucine Benzylamide. Into a 500 mL round bottomed flask equipped witii a' magnetic stirrer was 
added N-(tert-butoxycarbonyl)-L-isoleucine benzylamide (29.93 g, 93.53 mmol. 1.0 eq) and dich- 
loromethane (300 mL). The solution was stirred at 22 'C for 10 min until homogeneous, and 
trifluoroacetic acid (4322 mL, 63.97 g, 0,57 mol, 6.0 eq) was added (Caution: gas evolution may be 
briski). After TLC analysis indicated that the reaction was complete, the solution was concentrated to an 
oil, and used directly in the next experiment 

c) N-Carbobenzyioxy- L'Profine-L-lsoleucine Benzylamide. Into a 1-L round bottomed flask equipped with 
a magnetic stirrer was added N-carbobenzyloxy-L-proline (25.618 g. 102 mmol. 1.0 eq). and dich- 
loromethane (300 mL). The solution was cooled to 0 **C. and oxalyl chloride (10,15 mL, 15.02 g, 1ia31 
mmol, 1,15 eq) was added. After stirring at 0 **C for 5 min, five drops of N,N-dimethylformamide were 
added (Caution: gas evolution may be brisk!). The solution was stinred at 0 **C for 5 min, the flask was 
removed from the cold bath, and the solution was stirred at 22 ^'C for 9 hrs, Th solution was 
concentrated in vacuo to remove ail volatiles. dissolved in fresh dichloromethane (300 mL), and cooled to 
-5 "C. This solution was cannulated into a cooled (0 ^'C) solution containing L-isoieucine N-benzylamide 
and triethylamine (75.71 g, 748 mmol) dissolved in dichloromethan (100 mL). After the addition was 
complete, the flask was removed from the cold bath, and the solution was stirred at 22 **C for 3 hrs. The 
solution was poured into a seperatory funnel and washed with water (3 X 75 mL), 1 N HCI (7 X 100 mL). 
1 N NaOH (4 X 100 mL), satd. aq NaCI (100 mL). and dried (MgSO*). The solution was concentrated in 
vacuo to provide a crude residue. The residue was recrystallized (ethyl acetate^exane) to provide 28.72 
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q (68%) of the product as a white solid. The mother liquor was concentrated to an oil and purified by 
flash chromatography (20 % ethyl acetate) to provide 7.88 g (18.5%) of additional product or 36.60 g 
(86%) of the title compound as a white solid, 
mp = 151-153 "C 

R, (50 % ethyl acetate in hexane) = 0.18 

Mass Spectrum ( + E1) m/e (rel intensity) 451 (20.M + ). 395 (18). 345 (8). 317 (100) 232 (42). 204 (63). 

d) L-ProiineL-lsoleucin e Senzylamide. A solution of N-carfcct:enzyioxy-L-proline-L-isoleucine ben- 
zyl amide (36.60 g. 80.95 mmol). 1U% palladium on carbon (0.S57 g). and methanol (700 mL) was 
degassed and purged repeatedly (15 times) with hydrogen, and stirred under an atmosphere of 
hydrogen at 22 "C. When TLC analysis indicated the reaction was complete, the solution was purged 
with argon, filtered through a plug of celite. and concentrated in vacjo to provide 23.71 g. (92%) of the 
titie compound as a white solid. 

mp = 135-136 "C 

R,(100% ethyl acetate) = 0.08 

e) L-lsoleucine N-f1-(2-Benz vloxy-2-Oxoethyl)-L-Prolyn Benzylamide. A solution of L-proline-Ltsoleucne 
benzylamlde (10^ g. 32^0 mmo l). and sodium carbonate (6.S24 g. 64.39 jnmol. 2.0 .eq). in acetonitiile 
(150 mL) was wanned to reflux until homogeneous, cooled to 22 'C. and treated with benzyl 2- 
bromoacetate (14.75 g, 64.39 mmol. 2.0 eq). The flask was retijmed to the oil bath and wanned to reflux 
until TLC indicated the reaction was complete. The heterogeneous solution was filtered, concentrated to 
a residue, taken up in ethyl acetate (400 mL). and washed with satd aq NaHCOa (2 X 50 mL). The 
solution was dried (MgSO*). concentrated to a reskJue. and purified by flash chromatography (20% ethyl 
acetate in hexane) to provide 14.80 g (99%) of the titie compound as a colorless oil. The 'H NMR 
analysis of this compound was consistent with the structure. 

R, (100% ethyl acetate) = 0.63 



Example 2 



N H 
l^OCH 



.L-lsoleucine, N.{1.(2-Methoxy-2-Oxoethyl)-«--Prolyn Benzylamide. Using the procedure descnbed in 
example 1e. treatment of L-proline-L-isoleudne benzylamide (47 mg. 0.15 mmol). with sodium carbonate 
(31 mg 0.29 mmol. 2.0 eq). and methyl alpha-bromoacetate (113 mg. 0.74 mmol. 5.0 eq) in acetonitnle (5 
mL). provided 50 mg (87%) of ttie titie compound as a white foam. The 300 MHz. 'H NMR analysis of this 
compound was consistent with the structure. 
R, (50% dichloromethane in ettiyl acetate) = 0.50 



Example 3 



N'^ H O 

Vo 

L-lsoleucine, N.{1-{2-Phenyl-2-Oxoethyl)-L-Prolyn. Benzylamide. Using the procedure described in 
example 1e. treatment of L-proline-L-isoleudn benzylamide (361 mg. 1.14 mmol). with cesium carbonate 
(0.74 g. 2.28 mmol). and 2-bromoacetophenone (1.134 g. 5.69 mmol. 5.0 eq) .n acetonitnle (12 mL). 
provided 466 mg (94%) of the title compound as a pale yellow oil. The 300 MHz. 'H NMR analysis of this 
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compound was consistent with the structure. 
R, (50% ethyl acetate in hexane) = 0.14 
R, (100% ethyl acetate) = 0.54 



5 Example 4 



10 




15 



L-1soleucine, N-{1^2-Naphth-2-yf-2-Oxo€thyl)-L-Prolyn Benzylamlde, Using the procedure described in 
example 1e. treatment of L-proiine-L-isoieucine benzylamlde (296 mg. 0.93 mmcl), with cesium carbonate 
(0.61 g. 1.87 mmol), and 2-bromo-2*-acetonaphthone (697 mg, 2,80 mmcl, 3.0 eq) in acetonitrile (12 mL), 
/provided 364 mg (80%) of the title compound as a paie yellow oil. The 300 MHz. 'H NMR anaJysis of this 
20 compound was consistent with the structure. 
R( (50% ethyl acetate in hexane) = 0.25 
R, (100% ethyl acetate) = 0.65 

Example 5 

25 



35 L-lsoleucine, N-{1-<2-<Blphenyl-4-yf)-2-Oxoethyl)-t-Prolyll Benzylamide. Using the procedure described 
in example 1e. treatment of L-proiine-L-isoleucine benzylamide (300 mg, 0.95 mmol). with sodium car- 
bonate (200 mg. 1.89 mmol), and 2-bromo-4*-phenylacetophenone (520 mg. 1.89 mmol, 2.0 eq) in 
acetonitrile (10 mL). provided 484 mg (87%) of the title compound as a colcriess oil. The 300 MHz. 'H NMR 
analysis of this compound was consistent with the structure. 

40 R, (100% ethyl acetate) = 0.62 



L-lsoleucine, N-[1-(2-<2-Methoxyphenyl)-2-Oxoethyl)-L-Prolyn Benzylamide- Using the procedure de- 
55 scribed in example 1e, treatment of L-proline-L-isoleucine benzyiamid (317 mg, 0.99 mmol). with sodium 
carbonate (211 mg, 1.99 mmol). and 2-bromo-2*-methoxyacetophenone (457 mg, 1.99 mmol. 2.0 eq) in 
acetonitril (10 mL), provided 410 mg (88%) of the title compound as a paie yellow oil. The 300 MHz. 'H 
NMR analysis of this compound was consistent with the structure. 




Example 6 



50 




OCH3 
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R, (100% ethyl acetate) = 0.46 

Mass Spectrum ( + £]) m/e (rei intensity) 346 (100). 328 (38). 
Example 7 

n"^ h o 




L-lsoleucine, N-{1-{2-(5-Chloro-3-Methyl-ben20[B]thiophene-2-yl)-2-Oxoethyl)-L-ProJyq Benzylamide 
Using the .procedure described in example 1e, treatment of L-proline-L-iscleucine benzylamide (200 mg. 
0.63 mmol). with sodium carbonate (100 mg, 0.94 mmoi). and 2-chloroacstyl-5-chioro-3-methylben2oCB]- 
thiophene (Ryan Scientific; Columbia, SC: 244 mg. 0.941 mmol. 1.5 eq) in acstonitrile (10 mL), provided 
170 mg (50%) of the title compound as a pale yellow oil that fomied a waxy solid on standing. The 300 
MHz. NMR analysis of this compound was consistent with the structure. . 
Rf (50% ethyl acetate In hexane) = 0.17 
R( (100% ethyl acetate) = 0.66 

Mass Spectrum ( + Ei) m/e (rel intensity) 540 (5, M + ). 539 (10). 330 (100). 
Example 8 




O 



L-lsoleucine, N-{1.{2-{trans,trans-Hexa-2,4-dIenyf-1-oxy)-2-Oxoethyl)-L-Prolyn Benzylamide. Using the 
procedure described in example 1e. treatment of L-proiine-L-isoieucine benzylamide (201 mg, 0.63 mmol). 
with cesium carbonate (412 mg, 1.26 mmol), and 1-(2-chloroacetoxy)-2E,4E-hexadiene (prepared from 
2E.4E-hexadien-1-ol and 2-chloro acetylchloride: 221 mg. 1.26 mmol, 2,0 eq) in acetonitrile (8 mL), provided 
132 mg (46%) of the. title compound as a coloriess oil that formed a waxy solid on standing. The 300 MHz,' 
^H NMR analysis of this compound was consistent with the structure. 
Rf (50% ethyl acetate in hexane) = 0.29 
R( (70% ethyl acetate in hexane) = 0.43 

Mass Spectrum ( + EI) m/e (rei intensity) 456 (5, M + ), 374 (100), 330 (58). 
Example 9 




L-lsoleucine, N-{l-(2-{4-Chiorophenyl)-2-Oxoethyl)-L-Prolyn Benzylamide. Using the procedure de- 
scribed in example le, treatment of L-proline-L-isoleucine benzylamide (182 mg, 0.57 mmol), with sodium 
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carbonat (60 mg, 0.57 mmci). and 2-feromc-4*<hloroac8tophencne (147 mg, 0.63 mmoi. 1.0 eq). In 
methanol (10 mL). provided 237 mg (88%) of the title compound as a paie yellow oil. The 300 MHz, 'H 
NMR analysis of this compound was consistent with the structure. 
R( (100% ethyl acetate) = 0.46 

Example 10 




L-lsoleucine, N-{1-(2-<4-Methyiph€nyl)-2-Oxoethyl)-L-Prolyn Benzyiamlde. Using the procedure de- 
scribed in example 1e» treatment of L-proiine-L-isoleucine benzylamide (191 mg. 0.60 mmol). with sodium 
carbonate (70 mg. 0.66 mmol). and 2-bromo-4*-methylacetophenone (141 mg. 0.66 mmoi, 1.1 eq). in 
methanol (5 mL), provided 210 mg (78%) of the trtle compound as a pale yellow oil. TTie 300 MHz, ^H NMR 
analysis of this compound was consistent with the structure. 
Rf (70% ethyl acetate in hexane) = 0.30 
R( (100% ethyl acetate) = 0.52 

Example 11 




L-lsoleucine, N-{1-<2-(4-Methoxyphenyl)-2-Oxoethyl)-L-Proiyl] Benzyiamlde. Using the procedure de- 
scribed in example 1e, treatment of L-proline-L-isoleucine ben27iamide (208 mg, 0.65 mmol), with sodium 
carbonate (104 mg. 0.98 mmol), and 2-bromo-4'-methoxyacetophenone (195 mg, 0.85 mmol, 1.3 eq) in 
MeOH (10 mL), provided 246 mg (81%) of the title compound as a pale yellow oil. The 300 MHz. 'H NMR 
analysis of this compound was consistent with the structure. 
Rf (100% ethyl acetate) = 0.40 

Example 12 




L-Jsoleucine, N-Methyl-N-I1-(2-Phenyl-2-Oxoethyl).L-ProlyO Benzylamide Using the procedure de- 
scribed in example 1e, 56 mg (0.17 mmol) of L-proline-L-(N-methyl)-isoIeucine benzylamide (prepared from 
N-alpha-t-Boc-N-methyl-L-isoleucine (Schweizerhail. Piscataway. NJ.)) was treated with sodium carbonate 
(41 mg. 0.40 mmol). and 2-bromoacetophenone (52 mg, 0.26 mmol. 1.5 eq) in methanol (5 mL). A sample 
of the crude mixture was purified by preparative TLC to provide 2.2 mg of the title compound. The 300 
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MHz, 'H NMR anaiysis of this compound was consistent witti the strucnire. 
Rf (20% ethyl acetate in dic*iioromethane) = 0-24 

HRMS caJcd for (M ^H)* ((Ca/HasNaOa + H)*] ion 450.6057; found 450.2760 



Example 13 



N HO 



L*4soleucine, N-{1-{2-Phenyl-2-Oxoethyl)-L-HomoprolIne] Benzylamide. Using the procedure described 
in example 1e. 55 mg (0.17 mmol) of L-hcmcproiine-L-isoleucine benzylamide (prepared from L-homo- 
proline (Bachem Bioscience, Philadelphia, PA.)), was treated with sodium carbonate (39 mg, 0.37 mmol). 
and 2-brQmoac9tophenone (59 mg, 0.29 mmol, 1.7 eq) in methanol (5 mL). A sample of the crude mixture 
was purified by preparative TLC to provide 34 mg (45%) of the title compound. The 300 MHz, ^H NMR 
analysis of this compound was consistent with the structure. 
Rf (20% ethyl acetate in dichloromethane) = 0.31 

HRMS calcd for (M + H)* [(€27 Has No O3 + H)*] ion 450.6057; found 450.2760 



L-Phenylglycine, N-{1-<2-Phenyl-2-OxoethyI)-L-ProlIne Benzylamide- Using the procedure described in 
example 1e, 285 mg (0.84 mmol) of L-proiine-L-phenylglycine benzylamide (prepared from L-phenylglycine 
(Bachem Bioscience, Philadelphia, PA.)),was treated with triethylamine (0.59 mL 4.23 mmol. 5 eq), and 2- 
bromoacetophenone (185 mg, 0.93 mmol, 1.1 eq) in THF (20 mL). A sample of the crude mixture was 
purified by preparative TLC to provide 50 mg of the title compound. The 300 MHz. 'H NMR analysis of this, 
compound was consistent with the structure. 
Rf (50% ethyl acetate In hexane) = 0.09 

HRMS calcd for (M + H)* [(C28H30N3O3 + H)*] ion 456.5688; found 456.2289 



L-lsoleucine, N-{1-{l-Methyl-2-Phenyl-2-Oxoethyl)-L-ProlyI] Benzylamide, Using the procedur de- 
scribed in example 1e, treatment of L-proline-L-isoleucine benzylamide (196 mg. 0.62 mmol). with sodium 



Example 14 




Example 15 
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carbonate (85 mg. 0.S0 mmol). and 2-bromoprcpiophenone (210 mg. 0.98 mmol. 1.6 eq) in MeOH (12 mL). 
provided 72 mg (26%) of the title compound. The 300 MHz. NMR anaiysis of this compound was 
consistent with the structure. 
R, (100% ethyl acetate) = 0.54 

Example 16 




L-lsoleucine, N-£1-{2-{3-Methoxyphenyi)-2-Oxoethyi)-L-Prolyn Benzylamide. Using the procedure de- 
scribed in example 1e. treatment of LiDroIine-L-isoleucine benr/lamide (125 mg. 0.39 mmol). with 
triethyiamine (275 uU 1.97 mmol. 5 eq). and 2-bromo-3'-methoxyac9tcphenone (107 mg, 0.47 mmol. 1.2 
eq) in THF (20 mL). provided 149.2 mg (81%) of the title compound as a paie yellow oil. The 300 MHz. 
NMR analysis of this compound was consistent with the structure. 
Rt (50% ethyl acetate in dichloromethane) = 0.32 

Example 17 




L-lsoleucine, N-£1-<2-(3,4-Dlhydroxyphenyl)-2-Oxoethyl)-L-Prolyn Benzylamide, Using the procedure 
described in example 1e, treatment of L-proiine-L-isoIeucine benzylamide (100 mg. 0.31 mmol), with 
triethyiamine (220 uL. 1.58 mmol, 5 eq), and 2-chloro-3'-4*-dihydroxyacstophenone (73 mg, 0.39 mmol, 1.2 
eq) in THF (10 mL), provided 54 mg (81%) of the title compound. The 300 MHz, 'H NMR analysis of this 
compound was consistent with the structure. 
R, (10% MeOH In dichloromethane) = 0.51 

Example 18 




L-lsoleucine. N.Methy!-N-£1-(2-Benzyloxy-2-Oxoethyl).L-Prolyq Benzylamide- Using the procedure 
similiar to that described in example 1e. treatment of L-proline-L-(N-methyl)-isoleucine benzylamide (43 mg, 
0.13 mmol), with triethyiamine (90 uL, 0.65 mmol. 1.5 eq), and benryl 2-bromoacetate (52 mg, 026 mmol. 
2.0 eq) in THF (2.5 mL), provided 90 mg (64%) of the title compound. The 300 MHz, ^H NMR analysis of 
this compound was consistent with the structure. 
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R, (50% ethyl acetate in dic^loromethane) ~ 0.43 

HRMS caicd for (M*Hr [{C23H3SN3O* *Hn ion 480.6328; found 4€0^£64. 
Example 19 




L-lsoleucine, N-{1-(Cartjobenzyloxymethylene)-L-HomoproUne Eenzylamide. Using the procedure de- 
scribed in example 1e. L-homoproline-L-isoleucine benzylamide (43 mg. 0.13 mmol). was treated with 
triethylamine (91 uL. 0.65 mmol. 1.5 eq). and benzyl 2-bromoacetate (41 uU 0.26 mmol. 2.0 eq) in THF (2.5 
mL). Purification by HPLC provided 54.3 mg of the title compound. Tne 300 MHz. 'H NMR analysis of this 
compound was consistent with the structure. 
Rf (50% ethyl acetate in dichloromethane) = 0.52 

HRMS calcd for (M + Hr [(Cj.HajNaO* + H)*] ion 430.6328: found 4€0.2S64. 
Example 20 




L-lsoleucine, N-{1-(2-Adamantan-1-yl-2.0xcethyl)-L-Prolyn Benzylamide. Using the procedure de- 
scribed in example 1e. treatment of a solution of L-proline-L-isoleucine benzylamide (160.7 mg. 0.50 mmol). 
with triethylamine (3.53 mL, 2.53 mmol. 5.0 eq), and 1-adamantyl bnjmomethyl ketone (156 mg. 0.51 mmol. 
1.2 eq) in THF (20 mL). provided 180 mg (99%) of the title compound as a white foam. The 300 MHz. 'H 
NMR analysis of this compound was consistent with the structure. 
R, (50% dichloromethane in ethyl acetate) = 0.45 

HRMS calcd for (M + H)* [(CaoH^^NaOa + H)*] ion 494.7030; found 494.3385. 
Example 21 

^N^ H O 

O \ 

L-lsoleuclne, N-£l.<Carbo-tert-Butoxymethylene)-L-ProHne] Benzylamide. Using the procedure de- 
scribed in example 1e. treatment of a solution of L-proline-L-isoleucine benzylamide (66 mg. 0.21 mmol). 
with triethylamine (147 uL 1.05 mmol. 5.0 eq). and alpha-bromo-tert-butylacetate (68 uU 0.42 mmol. 2 eq) 
in THF (5 mL). provided 70 mg (77%) of the title compound. The 300 MHz. 'H NMR analysis of this 
compound was consistent with the structure. 
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R, (50% dicMcromethane in etfiyl acetate) = 0.51 

HRMS caicd for (M + H)* [(C^iHaaNaO* + H)*] icn 402.5884; found 4G2.2864 
Example 22 

5 

10 N H o 

Vv 

75 L-lsoleucine, N-{l-(2-tert-Butyl-2-Oxoettiyi)-L-ProlIneI Benzylamide. Using the procedure described in 
example 1e, treatment of a solution of L-proline-L-isoleucine_ benzylamide (69 mg, 0.21 mmol). with 
triethylamine (151 uU 1.08 mmol. 5.0 eq). and 1-bromopinacolone (58 uL, 0.43 mmol, 2 eq) in THF (5 mL), 
provided 35 mg (39%) of the title compound as a colorless oil. The 300 MHz. 'H NMR analysis of this 
compound was consistent with the stnjcture. 

20 R( (50% dichloromethane in ethyl acetate) = 0.42 

HRMS caicd for (M + H)* [(C24H38N3O4 + H)+] ion 416.5863: found 416.2915 

Example 23 



30 




OS UsoleucJne, N-I1-{2-(2,5-Dlmethoxyphenyi)-2-Oxaethyl)-L-ProlyfI Benzylamide. Using the procedure 
described in example 1e. treatment of a solution of L-proline-L-isoleucine benzylamide (51 mg, 0.16 mmol), 
with triethylamine (113 uL, 0.81 mmol. 5.0 eq). and 2-bromo-2'-5'-dimethoxyacetophenone (50 mg. 0.19 
mmol. 1.2 eq) in THF (5 mL), provided 60 mg (75%) of the title compound as a coloriess oil. The 300 MHz, 
^H NMR analysis of this compound was consistent with the structure. 

40 Rf (50% dichloromethane in ethyl acetate). = 0.36 

HRMS caicd for (M + H)* '[(C28H38N3 05 + H)*] ion 496,6307; found 496.281 3 

Example 24 

N Ho 



50 




OCH3 



55 L-lsoleucine, N-{1.{2-(2,4-Dlmethoxyphenyl)-2-Oxoethyl)-L-Prolyri Benzylamide. Using the procedure 
described in example 1e, treatment of a solution of L-proline-L-isoieucin benr/lamide (51 mg, 0.16 mmol), 
with triethylamine (112 uU 0.80 mmol, 5.0 eq), and 2-bromo-2*-4'-dimethoxyacetophenone (50 mg. 0.19 
mmol. 1.2 eq) in THF (5 mL), provided 55 mg (70%) of the title compound as a colorless oil. The 300 MHz, 
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iH NMR analysis of mis compound was consistent witr. the structure. 
R, (50% dichlcrcmethane in ethyl acetate) - 0.24 



Example 25 



5 



70 



15 



25 



30 



35 



^n'^ h o 




N02 



n o^vnothvJVL-Prolvn Benzylamide. Using the procedure de- 

scribed in example e, trea^^r^^j;^ ~ 2-bromo-2-nitrcacetcphenone (50 mg. 020 mmol, 1.2 
with triethylamme (118 uL ^^'^"^J^^^^ ^^le compound. The 300 MHz. NMR analysis of this 

eq) in THF (5 mL). provided 46 mg (57%) or xne uuo u 



eq) in 

20 compound was consistent with the structure, 
• R, (50% dichloromethane in ethyl acetate) = 029 



Example 26 



h o 




N02 



40 



structure. 

R, (50% dichloromethane in ethyl acetate) = 0.30 

HRMS caicd for (M*H)* [(C..H33N.OS - H)*l ion 461.5754; found 4812453 



Example 27 



45 



50 



H O 

SrQ, 



scribed .0 exampte 1e. »»>™"' °' f ~" ° a^rono-J-tenzloxyacelopharono (129 n-g. 0.42 mmol 



25 



EP 0 564 924 A2 



this compound was consistent with the structure. 

Rf (50% dichiorcmethane in ethyl acetate) = 0.38 HRMS caicd for (M + H)* [{QiaH^oNaOi + Hy] ion 
542.7028; found 542.3021 

Example 28 




CH3 



L-lsoleucine, N-{1-{2-<2,4-Dlmethylphenyl)-2-Oxoethyl)-L-Prolyn Benzylamide, Using the procedure 
described in example 1e. treatment of a solution of L-proiine-L-isoleucine benzylamide (60 mg, 0.19 mmoi). 
with triethy (amine (130 uU 0.94 mmol, 5.0 eq). and 2-t}romo-2\4'-dimethytec8tophenone (52 mg. 0.23 
mmoi. 1.2 eq) in THF (7 mL). provided a crude product A portion of the product was purified by preparative 
TLC to provide 19 mg (21%) of the title compound. The 300 MHz. NMR analysis of this compound was 
consistent with the structure. 
Rf (50% dichloromethane in ethyl acetate) = 0.38 

HRMS caicd for (M + H)* [(CzaHasNaCb + H)*] ion 464.6319; found 464.2915 
Example 29 




L-lsoleucine, N-[1-(2-{4-Ruorophenyl)-2-Oxoethy!)-L-Prolyn Benzylamide, Using the procedure de- 
scribed In example 1e, treatment of a solution of L-proline-L-isoieucine benzylamide (56 mg, 0,18 mmol), 
with triethylamine (123-uU 0.68 mmol. 5.0 eq). and 2-bromo-4'-fluoroac8tophenone (37 mg. 0.21 mmol, ^2 
eq) in THF (7 mL). provided a crude product A portion of the product was purified by preparative TLC to 
provide 28 mg (35%);of.the title compound. The 300 MHz. 'H NMR analysis of this compound was 
consistent with the structure. 
• Rf (50% dichloromethane in ethyl acetate) = 0.35 

Example 30 




L-lsoleucine, N-I1-{2-(4-Bromopheny!)-2-Oxoethyl)-L-Prolyn Benzylamide. Using the procedure de- 
scribed in example 1e, treatment of a solution of L-proline-L-isoleucine benr/lamide (57 mg. 0.18 mmol). 
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with triethyiannine (130 uL 0.93 mmol, 5.0 eq), and 2,^*-dibromoacetcphencne (63 mg. 0.22 mmoi, ^2 eq) 
in THF (7 mL). provided a crude product A portion of the product was purified by preparative TIC to 
provide 62 mg (67%) of the title compound. The 300 MHz, NMR analysis of this compound was 
consistent with the structure. 
5 R, (10% MeOH in dichioromethane) = 0.70 

Example 31 




L-<soleucine, N-n.{2,4-Dlchlorophenylcarbamoylmethyl)-L-Proline] Benzyiamide. Using the procedure 
20. described in example 1e. treatment of a solution of L-proline-L-isoIeucine benzyiamide (58 mg. 0.18 mmol). 

with triethylamine (130 uL 0.93 mmol, 5.0 eq), and N-chloroacetyl-2.4-dichloroaniline (53 mg. 0.22 mmol. 

12 eq) in THF (7 mL), provided a crude product A portion of the product was purified by preparative TLC 

to provide 30 mg (32%) of the title compound. The 300 MHz, ^H NMR analysis of this compound was 

consistent with the structure. 
25 Rt (10% MeOH in dichioromethane) = 0.70 

Example 32 

L-lsoleucine, N-£1-{2-Adamantan-1-yl-2-Oxoethyl)-L-HGmoproline] Benzyiamide. Using the procedure 
40 described in example 1e, L-homoproiine-L-isoleudne benzyiamide (75 mg, 022 mmol). was treated with 

triethylamine (0.15 mU 1.12 mmol, 5 eq). 1-adamantyl bromomethyl ketone (92 mg, 0.36 mmol, 1.6 eq). 

and THF (10 mL), to provide 64 mg (56%) of the title compound. The 300 MHz. ^H NMR analysis of this 

compound was consistent with the structure. 

Ri (50% ethyl acetate in dichioromethane) = 0.56 
45 HRMS caJcd for (M + H)+ [(C31 H4«Na0a + H)*] ion 508.7290; found 508.3532 



55 
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Example 33 



H O 



L-Jsoleucine N-I1-(2-Furan-2-yl-2-Oxoethyl)-L-Prolyn Benzylamide. Using the procedure descnted in 
example 1e a solution of L-proline-L-isoleucine benzylamide (114 mg. 0.26 mmol). and triethyiamine (0.10 
mL 0 78 mmol. 20 eq). in THF (10 mL).was treated with 255 mg (1.76 mmol. 5.0 eq) of 2-(aipha- 
chloroacyDfuran (prepared from 2-furoic add) to provide 130 mg. (85%) of the title compound. The 300 
MHz, 'H NMR analysis of this compound was consistent with the structure. 
R, (100% ethyl acetate) = 0.25 



Example 34 

H O 




L-lsoleucine, N-I1-{2-Pyrld-2.yl-2-Oxoethyl)-L-ProlyO Benzylamide. Using the procedure descnbed in 
example 1e. a solution of L-proline-L-isoleucine benzylamide (148 mg. 0.47 mmol). and triethylamine (0.13 
mL. 0.93 mmol. 2.0 eq) in THF (10 mL). was treated with 234 mg (1.50 mmol) of 2-<alpha-chloroacyl)- 
pyridine (prepared from picolinic add) to provide 20 mg. (10%) of the title compound. The 300 MHz. 'H 
NMR analysis of this compound was consistent with the structure. 
R, (50% ethyl acetate in hexane) 0.47 



Example 35 




L-lsoleucine, N-I1.<Adamant-1-ylcarbamoylmethyl)-L-Prolyn Benzylamide. Using the procedure de- 
scribed in example 1e. a solution of L-proline-L-isoleudne benzylamide (115 mg. 0.36 mmol). and 
triethylamine (253 uU 1.8 mmol. 5.0 eq) in THF (5 mL) was treated with 93 mg (0.43 mmol) of N-<alpha- 
chloroacyl)1-aminoadamantane (prepared from 1-adamantanamine and 2-chloroacetyl chlonde) to provide 
135 mg. (73%) of the title compound. The 300 MHz. 'H NMR analysis of this compound was consistent with 
the structure. 

Rf (100% ethyl acetate) = 0.12 

HRMS calcd for (M + H)* [(C3oH*sN*03 + H)*] ion 509.7166; found 509.3494 
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Example 36 




Usoleucine, N-IH2-{cis-Octahydro-pentalen-1-yl)-2-Oxoethyl)-L-ProlyO Benzylamlde. Using the pro- 
cedure described in example 1e. a solution of L-proline-L-isoleucine fcenr/iamide (115 mg. 0.36 mmol). and 
triethyiamine (346 uU 2.5 mmol. 5.0 eq). in THF (2 mL). was treated with i8l mg (0.97 mmol) of 1-chioro-2- 
(octahydro-penta]en-1-yl)-2-oxoethane (prepared from cis-bicyclo(3.3.0]octane-2-carfaoxyiic acid) to provide 
52 mg. (23%) of the titie compound. The 300 MHz, NMR anaJysis of this compound was consistent with 
the structure. 

Rf (50% ethyl acetate in dichloromethane) = 0.36 



L-lsoleucine, N^l-{2-(2,6,6-Trlmethyi-BIcycio(3.1.1]hept-3-yl)-2-Oxoethyri-L-Prolyn Benzylamlde, Us- 
ing the procedure described in example 1e, a solution of L-proline-L-isoieucine benzylamide (153 mg, 0.48 
mmol) and triethyiamine (337 uL, 5.0 eq). in THF (2 mL), was treated with 205 mg (0.95 mmol) of 1-chloro- 
2-<2,6,6-trimethyl-bicyclo[3.1.1]hept-3-yl)-2-oxoethane (prepared from (-)-3-pinanecarboxylic acid) to provide 
164 mg, (68%) of the title compound. The 300 MHz, ^H NMR analysis of this compound was consistent with 
the structure. 

Rf (50% ethyl acetate in dichloromethane) = 0.42 



L-lsoleucine, N-£1-<2-{4-PentylcycIohexyl)-2-Oxoethyl)-L-Prolyl) Benzylamlde, Using the procedure 
described in example le. a solution of L-proiine-L-isoleucine benzyiamide (160 mg. 0.50 mmol). and 
triethyiamine (352 uL, 2.53 mmol, 5.0 eq). in THF (2 mL), was treated with 232 mg (1.0 mmol) of 1-chloro-2- 
(4-pentylcyciohexyl).2-oxoethane (prepared from trans-4-pentylcyc!ohexanecarboxylic acid) to provide 154 
mg (25%) of the title compound. The 300 MHz. 'H NMR analysis of this compound was consistent with the 



Example 37 




Example 3d 




structure. 
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75 



20 
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Rf (50% ethyl acetate in dichioromettiane) = 0.45 
Example 39 



40 



50 



7 H O 

LCD 



L-Jso)eucine N-{1-<2.(1A3,4-tetrahydro-Napththalen-2-yl)-2-Oxoettiyl)-L-Prolyn Benzytamide. Using 
the orocedure described in example 1e. a solution of L-proline-L^sc leucine benzylamide (162 mg. 0.51 
mmol). and triethylamlne (355 uU 5.0 eq). THF (2 mL). was treated with 212 mg {2.0 eq) of 1-chloro-2. 
(1^3 4.tetrahydro-napththaJen-2-yl)-2-oxoethane (prepared from 1 .2.3.4-tetrahydro-a-napththoic acid) to pro- 
vide 191 mg (77%) of the title compound. The 300 MHz. 'H NMR anaJysis of this compound was consistent 
with the structure. 

Rf (50% ethyl acetate in dichloromethane) = 0.42 



Example 40 



2S N 



7 H < 



L-lsoleucine, N-[1-<2-{1-Methyl-Cyclohexyl)-2-OxoethyI)-L-Prolya Benzylamide. Using the procedure 
described in example 1e. a solution of L-proline-L-isoleucine benzylamide (164 mg. 0 51 mmol). and 
triethylamine (355 uL. 5.0 eq) in THF (2 mL). was treated with 180 mg (2.0 eq) of 1-cWor(>2Kl-methyl- 
cyclohexyl)-2-oxoethane (prepared from i-methyl-i-cyclohexanecarfcox-/lic add) to provide 183 mg (93.o) 
of the titie comoound as a colorless residue. The 300 MHz. 'H NMR analysis of this compound was 



35 Of the title compound as 
consistent with the structure. 
Rf (66% ethyl acetate in hexare) = 0.32 



Example 41 



N H 



L-lsoleucine. N-{1-(2-Oxo-2.Tricyclo[3.3.1.0 "jNon-S-yl-ElhyO-L-Prolyn Benzylamide. Using the proce- 
dure described in example 1e. a solution of L-proiine-L-isoleudne benzylamide (167 mg. 0.52 mmol). and 
triethylamine (367 uL 5.0 eq) in THF (2 mL). was treated with 209 mg (1.2 eq) of 1-chloro.2^xo-2-mcyc o- 
[3310 *^]non-3-yl-ethane (prepared from 3-noradamantanecarboxylic acid) to provide 181 mg of the ntie 
compound as a colortess residue. The 300 MHz. 'H NMR analysis of this compound was consistent with the 



structure. 

ss Rf (9% methanol in dichloromethane) = 0.70 
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Example 42 

V H 0 

Usoleucine, N-{1.{2-Oxo-3-{3-Mettiyl-Adaniantan-1-yl)-Propyl)-L-Prolyn Benzylamlde, Using the pro- 
csdure described in example 1e. a solution of L-proline-L-isoleucine benzyfcrrtide (162 mg, 0.51 mnaol). and 
triethyiamine (358 uL 5.0 eq). in THF (2 mL). was treated with 246 mg (1.0 eq) of 1-chioro-2-oxo-3-(3- 
methyl-adamantan-1-yl)-prccane (prepared from 3-methyl-l-adamantaneacstic acid) to provide 210 mg 
(78%) of the titie compound as a colorless residue. The 300 MHz, NMR analysis of this compound was 
consistent with the structure. 
Rf (50% ethyl acetate In hexane) = 0.43 

Example 43 




L-Pro»ne, 1-(2-Adamantan-1-yl-2-Oxoethyl) Benzyl Ester. Using the procedure described in example 1e, 
a solution containing the hydrochloride salt of L-proiine benzyl ester (25.46 g. 105.3 mmol), triethyiamine 
(58.0 mU 414 mmol, 4.0 eq). 1-adamantyi bromomethyl ketone (26.5 g, 103.4 mmol, 1.0 eq) and THF (500 
mL), was warmed to reflux, cooled, and purified by flash chromatography to provide 30.0 g (76%) of the title 
compound as a white foam. The 300 MHz, NMR analysis of this compound was consistent with the 
structure. 

Rf (50% dichloromethane in ethyl acetate) = 0,42 
Example 44 

L-lsoleucine, N-[1.(2-(Blphenyl-4-yl)-2-Oxo€thy1)-L-Proiyn 1,2,3,4-Tetrahydrolsoquinollnamide. 




a) N-[2-(Biphenyi-4-yi)-2-Oxoethyl] L-Proline Benzyl Ester. Using the procedure described in Example 
1e, a solution of the hydrochloride salt of L-proline benzyl ester (20.75 g, 98.0 mmol), was treated with 
cesium carbonate (87.1 g. 267 mmol, 3.0 eq), 2-bromo-4'-phenylacetophenone (24.5 g. 89.0 mmol, 1.0 
eq) in acetonitrile (500 mL), to provide 10.07 g (28%) of L-proline, N-[2-(biphenyl-4-yl)-2-oxoethyl] benzyl 
ester. 

b) N-[2-(Biphenyl*4-yl)-2-Oxoethyl] L-Proline. A solution of N-{2-(biphenyl-4-yl)-2-oxoethyl] L-proline 
benzyl ester in methanol (300 mL) and treated with 10% palladium on carbon (908 mg). Hydrogenation 
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as described in example id, followed by recr/stailization from ethyl etfter provided 1.72 g (6.2 % overall) 
of the title compound as a white solid. The 300 MHz. NMR analysis of this compound was ccnsistem 
with the stnjcture. 
mp = 182-184 «C 

R, {M^/o MeOH in dichloromethane) = 0.38 

c) Uscleudne. N-[1-{2-{Sipnenyl-4-yi>2-Oxoethyl)-L-Pro'y*] ^ ^.3>Tetrahydrcisoquinolinamide. A solu- 
tion of N-{2-{biphenyi-4-yl)-2-oxcethyi] L-proiine (50 mg. 0.16 mmol. 1.0 eq). N-ethylmorphoiine (125 uU 
C.97 mmol, 6 eq) in acetcnitnle (0.5 mL) was cooled to 0 °C and treated with a 50% solution of 1 n- 
propyiphosphonic acid cyciic anhydride in dichloromethane (170 uL 0^6 mmol. 1.6 eq) followed by the 
L-isoleucine 1 ,2.3,4-tetrahydroisoquinolinamide (prepared as described in example la; 47.9 mg. 0.19 
mmol, 1J2 eq). Purification by HPLC provided 5.53 mg (6.3 %) of the titie compound. The 300 MHz, 
NMR analysis of this compound was consistent with the structure. 
Rf (50 % ethyl acetate in hexane)= 0.51 

HRMS calcd for (M + H)^ [(Ca^H^oNoOa + H)*] ion 538.7154; found 538.3072 



L-lsoleucine, N-£1-<2-<Biphenyl-4-yl)-2-Oxoethyl)-L-ProlyII Benzyl Ester. A solution of N-{2-(biphenyl-4- 
yl)-2-oxoethyil L-proline (102 mg. 0.33 mmol. 1.0 eq). N-ethylmorpholine (270 uU 2.12 mmol. 6.4 eq) in 
acetonitrile (1.0 mL) was cooled to 0 °C and treated with a 50% solution of 1 -n-propylphosphonic acid cyclic 
anhydride in dichloromethane (340 uU 0.53 mmol, 1.6 eq) followed by the tosyiate salt of Lnsoleucine 
benzyl ester (143 mg. 0.36 mmol. 1.1 eq). Purification by HPLC provided 45 mg (26%) of the trtle 
compound. The 300 MHz. ^H NMR analysis of tiiis compound was consistent with the structure. 
Rf 50 % ethyl acetate in hexane) = 0.29 



L-lsoleucine, N-{1^2-(Blphenyl-4-y1)-2-Oxoethyl)-L-Prolyn tert-Butylamlde. A solution of N-[2-{biphenyi- 
4.yI)-2-oxoethyl] L-proiine (50 mg, 0.16 mmol. 1.0 eq). N-ethylmorphoIine (125 uL 0.98 mmol, 6 eq) in 
acetonitrile (0.5 mL) was cooled to 0 ^^C and treated with a 50% solution of 1-n-propylphosphonic acid cyclic 
anhydride in dichloromethane (170 uU 0^ mmol. 1.6 eq) followed by L-isoleucine tert-butylamide (49 mg. 
0.19 mmoL 1.1 eq). Purification by HPLC provided 12 mg (16%) of the titie compound. The 300 MHz. 'H 
NMR analysis of this compound was consistent with the structure. 
Rf 50 % ethyi acetate in hexane) = 0.38 

HRMS calcd for (M + H)* [(C29H*oN3G3 + H)*] ion 478.6604; found 478.3072 



Example 46 




O 



Example 46 
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Example 47 




L-Phenyialanine, N-{1-(2-{Blphenyl-4-yl)-2-Oxo€thyl)-L-Proiyf] Benzyfamide. A solution of N-[2- 
(biphenyl-4-yi)-2-oxoethyl] L-proline (51 mg. 0.16 mmol, 1.0 eq). N-ethyimcrphoiine (125 uL 0.98 mmol, 6 
eq) in acetonitriie (0.5 mL) was cooled to 0 ®C and treated with a 50% solution of 1-n-propylphosphonic acid 
cyciic anhydride in dichlorometfiane (170 uU 0.27 mmol. 1.6 eq) followed by phenylalanine benzylamide 
(49 mg, 0.19 mmol, 1.1 eq). Purification by HPLC provided 12 mg (14%) of the title compound. The 3C0 
MHz. NMR analysis of this compound was consistent with the structure. 
Rf 50 % ethyl acetate in hexane) = 0.38 

Example 48 

SMe 
N H O 




L-Methionlne, N-I1.(2-{BlphenyM-yf)-2-Oxoethyf)-L-Prolyn Benzylamide, A solution of N-[2-(biphenyf-4- 
yl)-2-oxoethyl] L-proline (54 mg. 0.17 mmol. 1.0 eq). N-ethylmorpholine (133 uL, 1.04 mmol. 6 eq) in 
acetonitrile (0.5 mL) was cooled to 0 "C and treated with a 50% solution of 1-n-propyiphosphonic acid cyciic 
anhydride in dichioromethane (180 uU 0.27 mmol. 1.6 eq) followed by the L-methionine benzylamide (71.36 
mg. 0.30 mmol. 1.7 eq). Purification by HPLC provided 35 mg (38%) of the title compound. The 300 MHz. 
'H NMR analysis of this compound was consistent with the structure. 
Rf 50 % ethyl acetate in hexane) = 0.40 

HRMS caicd for (M + H)* [(CaiHgsNaCbS + H)+] ion 530.711; found 530.2480 
Example 49 




Glycine, N-£1.{2-Adamantan-1-yl-2-Oxoethyl)-L-Prolyn Benzylamide. 

a) 1-(2-Adamantan'1-yl-2-Oxcethyl) L-Proline. Using th procedure described in example Id. a solution 
of L-proline, 1-(2-adamantan-l-yl-2-oxoethyl) benzyl ester (30.0 g. 76.63 mmol), 10% palladium on 
carbon (4.2 g), and methanol (100 mL) was purged with hydrogen, and stirred under an atmosphere of 
hydrogen until no more benzyl ester was observed by TLC. The solution was purged with argon, filtered 
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through a plug of cslite, and concentrated in vacuo, and recrystailizsd from ethyf ether to provide 19.45 

g, (85%) of the title compound as a white solid. The 200 MHz, NMR araiysis of this compound was 

consistent with th structure. 

mp 130-142 (sweat). 143-145 (melt) 

Rt (20% MeOH in dichioromethane) = 0.32 

b) Glyci ne. N-{1-(2-Adamantan-1-yi-2-Oxoethyl)-L-Prolyi] Senzyiamide. Using the procedure described in 
example 1a, a solution of l-{2-adamantan-l-yi-2-oxoethyl) L-proline (104.6 mg. 0.36 mmoi, 1.0 eq). 
triethyiamine (150 uL, 1.07 mmol, 3.0 eq), and THF (1.5 mL), was treated with iscbutyl chioroformate (51 
uL 0.39 mU 1.1 eq). then with glycine N-faenzylamide (88.2 mg, 537 umcl, 1.5 eq). Workup as before 
provided 53.9 mg (34%) of the title compound as a white foam. The 3C0 MHz, ^H NMR analysis of this 
compound was consistent with the structure. 
Rt (50 % ethyl acetate in dichioromethane) = 0.22 



L-Valine, N-{1-(2-Adamantan-1-yi-2-Oxoethy!)-L-Prolyf] Benzylamlde. Using the procedure described in 
example la, a solution of l-{2-adamantan-1-yi-2-oxoethyl) L-proline (109.1 mg, 0.37 mmol. 1.0 eq). 
triethyiamine (156 uU 1.12 mmol, 3.0 eq). and THF (1.5 mL). was treated with isobutyi chloroformate (53 uL, 
0.41 mU 1.1 eq), then with L-valine benzylamide (117.5 mg, 570 umol, 1.5 eq). Workup as before provided 
127 mg (71%) of the title compound as a white foam. The 300 MHz, 'H NMR analysis of this compound 
was consistent with the structure. 
R( (50 % ethyl acetate in dichioromethane) = 0.40 



L-Leucine, N-£1-{2-Adamantan-1-yl-2-Oxoethyl)-L-Prolyll Benzylamide- Using the procedure described 
previously, a solution of 1-(2-adamantan-1-yl-2-oxoethyl) L-proline (108 mg, 0.37 mmol, 1.0 eq). 
triethyiamine (156 uL, 1.11 mmol, 3.0 eq), and THF (1.5 mL), was treated with isobutyi chloroformate (53 uL, 
0.41 mU 1.1 eq), then with L-ieudne N-benzylamide (123 mg, 570 umol, 1.5 eq). Woriojp as before 
provided 124 mg (68%) of the title compound. The 300 MHz. 'H NMR analysis of this compound was 
consistent with the structure. 
Ri (50 % ethyl acetate in dichioromethane) = 0.48 



Example 50 




Example 51 
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Example 52 



75 



30' 



25 



30 



35 



40 




... « /o A/iamantan.1-vl-2-Oxoethyl)-L-Prolva Benzylamide. Using the procsdure de- 
L.Pheny.alan.ne, " ^-Jf J^"^.^;^^^^^ L-proline (100 mg. 0.34 mmol. 1.0 eq). L- 

scnbed prev,ously. a solution 20 eq) and dichlcromettiane (1.0 mL). was cooled to 0 

phenylalanine N^enryiam.de (i:^ mg 686 umo^.^0 eq) ^^^^^^ ^^^^^ ^ 

«C and treated ^^^^^^^^.^^^^^ " dicSorometnane (436 uL. 0.68 mU 2.0 eq). When 
solution of 1-"-P™Py'P'^°^P*^°"^' ^^'^^.^^^^^^^ was allowed to warm to 22 »C. washed with satd aq 

TLC indicated the reaction ^^^"^^'f^l^^^'f^^ chromatcgrachy to provide 144 mg (80%) of the title 

cro^nd~r3rH.";r^^^^^^ - ~ - - — 

R, {50 % ethyl acatate in dichlcromettiane) - 0.36 



Example 53 



'N H 




The 300 MHz, NMR analysis of this compound was consistent with the structure. 
Rj (50 % ethyl acetate in dichloromethane) = 0.37 



Example 54 



45 



^N" H 



50 




55 



EP 0 564 924 A2 



arhydnde in dichloromethare (680 uU 1.07 mL 2.0 eq). to provide 210 mg (80%) of the title ccmccund as 
a white foam. The 300 MHz, NMR anaJysis of this compound was consistent with the structure. 
R, (50 % ethyl acetate in dichiorcmethane) = 0.44 

5 Example 55 

NH2 
N HO 



75 




L-Asparaglne, N-£1-(2-Adamantan-1-yI-2-OxoethyO.L-Prolyn Benzyfamide. Using the procedure de- 
scribed previously, a heterogeneous solution of 1-(2-adamantan-1-yI-2-oxoethyi) L-proiine (152 mg. 0.52 
mmol, 1.0 eq), L-asparagine N-benzylamide (231 mg. 1.04 mmol. 2.0 eq) and dichloromethane (1.5 mL). 
20 was treated with triethyiamine (436 uL. 3.1 mmol. 6.0 eq), and a 50 % solution of 1-n-propylphosphonic acid 
cyciic anhydride in dichloromethane (663 uL. 1.04 mU 2.0 eq). to provide 130.7 mg (51%) of the title 
compound as a white foam. The 300 MHz. 'H NMR analysis of this compound was consistent with the 
structure. 

R, (10% MeOH in dichloromethane) = 0.41 

25 

Example 56 



30 



35 




40 L-S€rine-<0-Benzyl Elher), N-{1-{2-Adamantan-1-yl-2-Oxo€thyl}-L-ProIyn Benzytamlde. Using the pro- 
cedure described previously, a solution of 1-(2-adamantan-1-yi-2-oxoethyl) L-proline (151 mg. 0.52 mmol. 
1.0 eq), L-serine-{0-benzyl ether)-N-benzylamide (294 mg, 1.03 mmol. 2.0 eq) and dichloromethane (1.5 
mL), was treated with triethyiamine (432 uL, 3.1 mmol. 6.0 eq), and a 50 % solution of 1-n-propyl- 
phosphonic acid cyclic anhydride in dichloromethane (658 uU 2.0 eq), to provide 220 mg (75%) of the title 

45 compound. The 300 MHz, ^H NMR analysis of this compound was consistent with the structure. 
Rf (50% ethyl acetate in dichloromethane) = 0.30 



50 



55 



Of: 
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Example 57 



10 



15 



20 



25 



30 




L fl-Phenvlalanlne N-I1-{2-Adan,antan-1-yl-2-Oxoethyl).L.Pralya Benrylamide. Using the procedure 
•u ? r. V^n ution of i-(2-adamantan-1-yl-2-oxoethyl) L-prcline (154 mg. 0.53 mmol, 1.0 eq). 
l7:Z'^:::Ti.i:^^^^^^ ^-O e.) -d dichlcrcmethane (1.5 .L). was .eated 

w Si teth^i" (442 3.2 mmol. 6.0 eq). and a 50 % solution of l-n-propylphosphon.c ac:d cycho 
Xd^dtHichloromethane (673 uL 2.0 eq). to provide 229 mg (81%) o, the ttle compound. The 300 
MHz. 'H NMR analysis of this compound was consistent with the striicture. 
R, (50% ethyl acetate in dichloromethane) - 0.40 



Example 58 



45 



ho 




35 L-Cyclohexylalanine, N-I1.(2-Adamantan-1-yl-2-Oxaethyi)-L-Prolyn Benz^arnld- f^f 
rffiscrihed oraviouslv a solution of l-(2-adamantan-1-yl-2-oxoethyl) L-prolme (155 mg. 0.53 mmol. 1.0 eq). 
T:^^e^Z^XeZ^<ie (246 mg) and dichloromethane (1.5 mL). was treated with t.emy^.ne 

(^2 uL.^.2 mmol. 6.0 eq). and a 50 % solution of ^-P-P^'f ^^^^/^^'^ J^^h^ 

dichloromethane (676 uU 2.0 eq). to provide 148 mg (52%) of the title compound. The 300 MHz. H NMR 
40 analysis of this compound was consistent with the structure. 
R, (50% ethyl acetate in dichloromethane) = 0.42 



Example 59 



'N' H 



so 




55 L-Isoleucine. N-IH2-Adamantan.1-yl-2-Oxoethyl)-L-Prolyn alpha-(S)-methylber«y.amWe. Using the 
55 _ J --^.siv a solution of 1-(2-adamantan-1-yl-2-oxoethyl L-prolme (154 mg. 0.53 

mm" 1 0 eqTSl J?ha- S^ethylbenzyJ^ (247 mg. 1.05 mmol) and dichloromethane (1. 
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phosphonic acid cyclic anhydride in didiicromethane (671 uL 2.0 eq). to provide 192 mg (72%) of the title 
compound. The 300 MHz. *H NMR analysis of this compound '/vas consistent with the structure. 
R, (50% ethyl acetate in dichlcromethane) = 0.44 

5 Example 60 



70 




75 

L-lsoleucine, N-I1-{2-Adamantan-1-yl-2-Oxoethyl>L-Prolya alpha-(R)-methyIben2ylamlde, Using the 
procedure described previously, a solution of 1-{2-adamantan-1-yl-2-oxoethyi) L-proline (146 mg, 0.53 
mmol. 1.0 eq). L-isoieucine alpha-(R)-methylben2yiamide (234 mg. 1.05 mmol) and dichioromethane (1.5 
mL). was treated with triethyiamine (420 uL 6.0 eq). and a 50 % solution of 1 -n-propyiphosphonic acid 
20 cyclic anhydride in dichioromethane (638 uL, 2.0 eq), to provide 108 mg (43%) of the title compound. The 
300 MHz. NMR analysis of this compound was consistent with the structure. 
Rf (15% methanol in dichioromethane) = 0.47 

Example 61 

N HO 

OS L-Isoieucine, N-I1-{2-Adamantan-1-yl-2-Oxoethy0-L-Prolyf] Pyridln-4-yimethylamIde- Using the proce- 
dure described previously, a solution of 1-(2-adamantan-1-yl-2-oxoetiiyl) L-proline (230 mg. 0.78 mmol, 1.0 
eq), L-isoieucine pyridin-4-yimetiiylamide (266 mg, 1.5 mmol) and dichioromethane (2 raL), was treated with 
triethyiamine (660 uU 6.0 eq), and a 50 % solution of 1-n-propylphcsphonic acid cyciic anhydride in 
dichioromethane (1.0 mU 2.0 eq), to provide 180 mg (46%) of the title compound. The 300 MHz. 'H NMR 

40 analysis of tfiis compound was consistent with tiie structure. 
Rf (4% methanol in dichioromethane) = 023 

Example 62 

I n U 

55 L-Isoleucine, N-£1-<2-Adamantan-1-yl-2-Oxoethyl)-L.Prolyl] Pyrldln-2-ylmethyfamide. Using th proce- 
dure described previously, a solution of 1-{2-adamantan-1-yl-2-oxoethyl) L-proline (165 mg. 0.56 mmol, 1.0 
eq), L-isoleucine pyridin-2-ylmethyiamide (246 mg. 1.11 mmol) and dichioromethane (2 mL), was treated 
with triethyiamine (475 uL, 6.0 eq). and a 50 % solution of 1-n-propylphosphonic acid cyclic anhydride in 
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I 5 n Pn^ to Gravida 214 mg (77%) of tfie title compound. The 300 MHz. 'H NMR 
didilorcmemane (721 uL 2.0 eq). to pra^'°« 
analysis of this compound was cons.stent witti the structure. 
R, (5% methanol in dichlcrcmethane) = 021 



5 Example 63 

.OCH3 



N H 



70 




75 



. J 1 «i.2-Oxoethvn-L-Prolyn 4-methoxyt3enzylamWe. Using the prcce- 

dure described previously, a soiuton erf '^^^^^J dichloromethane (2 mL). was treated with 
ec,,L.so.eucine4.m^^^^^^ 0' 1-n-propy.phosphonic add cyclic anhydride in 

'^ZlZ^O^'^ol.r^ provide 207 mg (82%) of ^e .«e compound, ^e 300 MH. -H NMB 

. with thft StTUCturB. 



20 



analysis of this compound was consistent with the structure 
R, (50% ethyl acetate in dichloromethane) = 0.31 



Example 64 



25 



N H o OCH3 



30 




35 



40 



» ... 1 «i.2-OxoethvlVL-ProlYn 2-methoxybenzylamlde. Using the proce- 

L-lsoleuclne, N^^'^^-Adaniantej^-l-yW-^oett^^^^ ^ ^ 0 

dure described previously, a solu^n of '^^^^^^^^^Z^^^^ dichloromethane (2 mL). was treated with 
eq). L-isoleucine2-methoxybenzytem.de (308^^^ ^^^^^^ 

"^SZir^r^Tlr:^ prar2S:r(7S%o) . ^e^ compound, .e 300 MHz. . NMB 
analysis of this compound was consistent with the structure. 
R, (50% ethyl acetate in dichloromethane) = 0.31 



Example 65 



45 



N H O 



-OH 

so O 



55 
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R. •r='» ethyt ^x^tate) = 0.04 

MsEicecrurTT ^^i^ ^^g, intensity) 376 (20, M + H). 307 (38). 154 (100), 136 (82). 



/n 



/a 




COjEt 



L-BTEicine, Wi^^.^p|perldine-3-Cart30xylIc Acid Ethyl Ester)]-2-OxoethyO-L-ProIyl] Ben- 
ryacxca A -5 V jjoiution of L-isoleucine, N-[Hcarboxymethyl)-L-proiyl] benzylamide (266 mg. 0.71 mmol. 
jti il ''^^V'^nrpholine (135 uU 1.06 mmol, 1.5 eq) in acetonitrile (5.0 mL) was treated with isobutyl 
cntrrcTTnate C-^- uL, 0.78 mmol. 1.1 eq) followed by ethyl nipecotate (220 uL, 1.40 mmol. 2.0 eq). 
PurfcHicn by chromatography provided 150 mg (41%) of the title compound as a colcriess oil. The 

anr iHz. N.VK j^nalysls of this compound was consistent with the structure. 
R, -a:% ethyl ^>.tate) = 0.22 

-ft 

Eiarxie 67 



L-teieucine, N-{^^2-<1,4-Oloxa-8-a2a-spiro(4.5]dec-8-yl)-2-Oxoethy!)-L-Prolyll Benzylamide. A -5 ^'C 
soLiicn of L-tsoltsHi^sipQ^ N-[Hcarboxymethyl)-L-prolyl] benzylamide (254 mg, 0.S7 mmol, 1.0 eq). N- 
meer/imorpholint* ^^^i^ q 33 ^^^^101. 1.30 eq) in acetonitrile (7 mL) was treated with isobutyl chioroformate 

4t) (95 uU 0.74 mmvM. 1.1 eq) followed by, 1 ,4-dioxa-8-a2a-spiro[4.5] decane (0.193 g. 1.35 mmol, 2.0 eq). 
Pumcation by fla.^^ chromatography provided 280 mg (83%) of the title compound as a colorless oil. The 
3CC MHz, H NMy\ ^^^^ spectrum analysis of this compound was consistent with the structure. 
Rt 0C0% ethyl acetate) = 0.13 
Rt (23% MeOH in eti^yi acetate) = 0.68 

46 Nbss Spectrum ( 1. ^/e (rel intensity) 500 (10.M +). 330 (12), 253 (100), 142 (18). 




60 



55 
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Example 68 




L-lsoleucine, N-{1-{2-{N-{4-Benzy1pip€ridyl))-2-Oxoethyfl-L-Proiyn Benzyfamide, A -5 solution of L- 
isoleucine, N-[l-{carboxymetfiyl)-L-proiyl] benr/lamide (321 mg, 0.S5 mmol, 1.0 eq), N-methylmorpho(ine 
(122 uU 1.11 mmol, 1.30 eq) in acetonitriie (8 mL) was treated with iscbutyl chioroformate (127 uL, 0.98 
mmol, 1.15 eq) followed by 4-benzylpiperidine (0.299 g. 1.71 mmoi, 2.0 eq). Purification by flash 
chromatography provided 401 mg (88%) of the title compound as a colorless oil. The 300 MHz, NMR 
and mass spectrum analysis of this compound was consistent with the structure. 
Rf (100% ethyl acetate) = 0.29: Rf (20% MeOH in ethyl acetate) = 0.69 
Mass Spectrum ( + CI) m/e (rel intensity) 532 (70.M+), 425 (30). 357 (22). 330 (100). 



L-lsoleucine, N-£1-{2-(2-Methylplperid!ne)-2-Oxoettiyf]-L-Prolyf] Berurylamide. A -5 °C solution of L- 
isoleucine, N-[l-(carboxymethyl)-L-proiyl] benzylamide (202 mg. 0.53 mmol. 1.0 eq), N-ethylmorpholine (82 
uL, 0.64 mmoi. 1J20 eq) in acetonitriie (8 mL) was treated with isobutyl chloroformate (80 uL, 0.62 mmol. 
1.15 eq) followed by 2-methyipiperidine (0.106 g. 1.07 mmol. 2.0 eq). The solution was warmed to 22 °C. 
concentrated to a residue, and purified by flash chromatography to provide 80 mg (32%) of the title 
compound as a colorless oil. The 300 MHz, 'H NMR and mass spectrum analysis of this compound was 
consistent with the structure. 
R, (100% ethyl acetate) = 026 
R, (20% MeOH in ethyl acetate) = 6.61 

Mass Spectrum ( + EI)We (rel Intensity) 456 (10,M + ), 330 (14). 209 (100). 82 (82) 



L-lsoleucine, N-{1.<2-(2-Hydroxyethylamlne)-2-Oxoethyl).L-Prolyll Benzylamide, A -5 solution of L- 
isoleucine. N-[1-(carboxymethyl)-L-prolyl] benr/lamide (0215 g. 0.58 mmol, 1.0 eq), and triethylamine (96 
uU 70 mg, 0.64 mmol. 1.20 eq). in acetonitril (10 mL) was treated with isobutyl chloroformate (83 uL. 86 



Example 69 




Example 70 
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ma 0 S3 mmol. 1.1 eq) followed by 2-amincemarol (69 uL 70 mg. 1J5 mmcl. 2.0 eq). Workup as afccve 
DTOvided 127 mg {S3 %) of ttie title compound. The 30G MHz. 'H NMR and mass spectrum analysis of this 
compound was consistent with the structure. R.(1C0% ethyl = °f 

Mass Spectrum (*E1) m/e (rel intensity) 418 (10. M*). 330 (10). 171 (100). 153 (30). 



Example 71 



10 



IS 



20 



25 



30 
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46 



^n"^ h o 




Usoleuclne, NK1K2-(4-Phenylplperazine)-2-Oxoethya-L-Prolyn Benzylamide. A -5 C soluton of L- 
isoleucine. NHHcarboxymethyi)-L-prolyl] benzyiamide (0.214 g. 0.58 mmol. 1.0 e<^ and tne*y lamme (S6 
uU 70 mg. 0.64 mmol 1.20 eq). in acstonitrile (6 mL) was treated w,th .socu^i chloroforma^s (83 uU 86 
mg. 0.63 mmol. 1.1 eq) followed by ^phenylpiperazine (170 uU 186 mg. ^^5 mmol. 2.0 eq^ Workup as 
S;ve provided 170 mg (57 %) of the title compound. The 300 MHz. 'H NMR and mass spectrum analysis 
of this compound was consistent with the structure. 

S:;^°J^T|U°;L'in„n.W <30. 330 ,2.,. ^ ,100,. ,5, ,20,. ,3e ,35,. 
Example 72 

H O 

Usoleucine, NHH2-<1-Pyrrondlne)-2-Oxoethyn-L-Prolyn Benzyiamide. A -SJC solution L-is°leu^^^ 
N-lHcarboxymethyD-L-prolyl] benzyiamide (0.212 g. 0.56 mmol. 1.0 ^"^'^ff^^^^j;'!^ 
0.65 mmol. 1.15 eq). in acstonitrile (10 mL) was treated with isobutyl chlorofomiate (77 uL, 80 mg 0.59 
mmol. 1.05 eq) foSed by pym^lidine (94 uL 80 mg. 1.13 mmol. 2.0 eq). Workup as ^^^^"^^^^^l 
mg (85 %) of the title compound. The 300 MHz. 'H NMR and mass spectrum analysis of this compound 
was consistent with the 'structure. 
Ri(100% ethyl acetate) = 0.14 

Mass Spectrum (^-EO m/e (rel intensity) 428 (13. M + ). 330 (10). 208 (10), 181 (100). 82 (85), 



Example 73 
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55 



H O 
O H ^ 

L-lsoleuclne N-I142-(N^clcpentylamlnG)-2-Oxoethyn-L.Prolyn Benzyiamide. A -5 »C solution of L- 
isofeucine N [1 (TaS,ly^^^ benr/.amide (0.212 g. 0.56 mmol. I.O eq). and tnethylam.ne (96 
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70 



uL 65 mg 0 65 mmol 1 15 eq). in acatonitrile (10 mL) was treated with iscbur/i chioroformate (77 uL 86 
ma 0 59 mmol 1 05 eq) fcllowed by cyclopentyiamine (ill uL 96 mg. M3 mmol, 2.0 eq). Workup as 
above'provided'isa mg (79 %) of the title ^ compound. The 300 MHz, NMR and mass spectrum analysis 
of this compound was consistent with the structure. 
Rt(l00% ethyl acetate) = 0.22 

R,(20% MeOH In ethyl acetate) = 0.55 « ^ 

Mass Spectrum (^EI) m/e (rel intensity) 442 (28. M*). 375 (11). 330 (35). 2S7 (23). 212 (100). 



75 



Example 74 



N H ^ ° 



20 



25 



L-Isoleuclne. N-{H2-(N.(Phenylmethylamino)).2-Oxoethyn-L.Prolyq Benzylamlde. A -5 ^'C solution of 
L-isoleucine. N-{1.(carboxymethyl).L-prolyi] benzylamide (0.218 g. 0.53 mmol. 1.0 eq) and triethylamine (89 
uL 64 mq 0 64 mmol 1.10 eq). in acetonitrile (10 mL) was treated with isobutyl chlorofonmate (79 uU 83 
mg. 0.61 mmol. 1.05 eq) followed by benzyiamine (82 uU 80 mg. 0.75 mmol. 1.3 eq). After the ^^^^^ was 
complete, the flask was removed from the cold bath and the solution was stirred at 22 JJor2hrz. Workup 
as above provide 227 mg (84%) of the title compound as a white solid. The 300 MHz. NMR analysis of 
this compound was consistent with the structure, 
mp = 76-80 



30 



35 



40 



45 



R,(100% ethyl acetate) = 025 
Example 75 



N H O 



L-Isoleuclne. N-£1-[2-{N-{Cyclohexylmethylamino)).2-Oxoethyn-L-Prolvn Benzy amWe. Using the pro- 
cedure described previously, a solution of L-isoleucine. N^HcarboxymethylH^rolyl] benzylan^de (0^0 
g. 0.58 mmol. 1.0 eq). and triethylamine (89 uL 64 mg. 0.64 mmol. 1.10 eq). .n 

Seated with isobutyl chlorofomiate (79 uL. 83 mg. 0.61 mmol. 1.05 eq) followed by cydohexylmethylamme 
(99 uL 86 mg. 0.75 mmol. 1.30 eq). Workup as above provided 201 mg (73 %) of the title compound. The 
300 MHz. 'H NMR analysis of this compound was consistent with the structure. 
R,(100% ethyl acetate) = 0.23 
R,(20% MeOH in ethyl acetate) = 0.64 



so 



55 
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Example 76 




L-lsoleucine, N-{1-{2-{4-Phenylpiperidyi)-2-Oxoethyl)-L-Prolyn Beniylamlde, Using the procedure c3e- 
scribed above, a solution of L-isoieucine, N-{1-<caitoxymethyl)-L-prciyll benzylamide (0.124 g. 0.33 mmci. 
1.0 eq). and N-methyimcrphoiine (43 uU 40 mg, 0.40 mmol, 1^0 eq). in acetonitrile (3 mL) was treated with 
isobutyi chlorofcrmate (45 uU 47 mg. 0.35 mmoi, 1.05 eq) followed by 4-phenyipiperidine (69 mg. 0.43 
mmoi. 1.3 eq). Workup as above provided 101 mg (59 %) of the title compound. The 300 MHz, NMR 
analysis of this compound was consistent with the structure. 
R,(100% ethyl acetate) = 0.18 



L-lsoleucine, N-{1-{2-{1-<3,7,11-Trfmethyldodeca-2,6,10-b1en-1-cOI-2-Oxoethyl)-L-Proline] Ben- 
zytamfde. A solution of L-isoleucine. N-[1-{carboxymethyl)L-prolyl] benzylamide (67 mg. 0.18 mmoi), 4-N,N- 
dimethylaminopyridine (6.1 mg, 0.05 mmoi. 0.3 eq), 1,3-dicycIohexylcarbodiimide (64 mg, 0.31 mmoi. 1.8 
eq) in dichioromethane (2.0 mL) was treated with trans.trans famesol (55 uU 0.22 mmoi, 1.2 eq). After TLC 
indicated the reaction was complete, the mixture was purified by HPLC to provide 27 mg (26%) of the title 
compound. The 300 MHz, ^H NMR analysis of this compound was consistent with the structure. 
Rf (50% ethyl acetate in dichioromethane) = 0.50 

HRMS caicd for (M + H)* [(C3SH53N3O4 + H)+] ion 580.8365; found 580.4117 



L-lsoleucine, N-{1-(2-<3-Phenyl-2-Propen-1-Oxy)-2-Oxo€thyl)-L-Prolyn Benzylamide. Using the proce- 
dure described previously, a solution of L-isoleucine. N-{1-(carboxymethyl)-L-prolyl] benzylamide (65 mg. 
0.17 mmoi), 4-N,N-dimethylaminopyridine (12.5 mg. 0.10 mmoi, 0.6 eq), 1 ,3-dicyclohexylcarbodiimide (64 
mg, 0.31 mmoi, 1.8 eq) in dichioromethane (5.0 mL) was treated with trans cinnamyl alcohol (29 uU 0.22 
mmoi. 1 .3 eq). After TLC indicated the reaction was complete, th mixture was purified by HPLC to provide 
32 mg (38%) of th title compound. The 300 MHz. ^H NMR analysis of this compound was consistent with 
the structure. 

R, (50% ethyl acetate in dichioromethane) = 0.47 



Example 77 




O 



Example 78 




EP 0 564 924 A2 

HRMS caicd for (M + H)* ((C^jHaaNaOi + HD ion 492.6424; found 492.2864 
Example 79 

N Ho 



10 




UsoleucJne, N-{1-{2-{3-Phenyl-3-Methy(-2-Propen-1-Oxy)-2-Oxo€thyl)-L-Prolya Beruylamide. Using 
15 the procedure described previously, a solution of L-isoleucine, N-{1-{carfcoxymethyl)-L-prolyl] benzyfamide 
(56 mg, 0.15 mmol), 4-N.N-dimethylaminopyridine (3.6 mg, fl.03 mmoi. 02 eq), 1 .3-dicycIohexylcar- 
bodiimide (54 mg, 0.26 mmol. 1.7 eq) in dichioromethane (5.0 mL) was treated with trans 2-methyl-3- 
phenyi-2-propen-l-ol (28 uU 0.19 mmol, 1.3 eq). After TLC indicated the reaction was complete, the mixture 
was purified by HPLC to provide 32 mg (42%) of the title compound. The 300 MHz. 'H NMR analysis of 
20 . this compound was consistent with tiie structure. 
■R( (50% ethyl acetate in dichioromethane) = 0.52 

HRMS caicd for (M + H)* [(C30H40N3O* + H)*] ion 506.6695; found 506.3021 
Example 80 

25 



30 




L-lsoleucine, N-{1-{2-<1-Pheny(propoxy)-2-Oxo€thyl)-L-ProlyO Benzylamide. A solution of L-isoleucine, 
N-[l-(carboxymetiiyi).L-proiyl] benzylamide (59 mg, 0.16 mmol). 4-N.N-dimethyiaminopyridine (7.9 mg, 0.06 
mmol, 0.4 eq), 1 ,3-dicycIohexylcarbodiimide (49 mg, 0.23 mmol, 1.5 eq) in dichiorometinane (5.0 mL) was 
treated witii (+/-) 1-phenyM-propanol (28 uL, 0.20 mmol, 1.3 eq). After TLC Indicated the reaction was 
40 complete, the mixture was purified by HPLC to provide 32 mg (41%) of the titie compound. The 300 MHz, 
^H NMR analysis of this compound was consistent with the structure. 
Ri (50% etiiyl acetate in dichioromethane) = 0.51 

HRMS caicd for (M + H)* [{C23H40N3O4 + H)+] ion 494.6584; found 494.3021 



50 



55 
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Example 81 



5 



10 




Wsoleucine, N-{1-{2-{1-Phenyl-1-Cyclohexyfmethoxy)-2-Oxoettiyl)-L-ProlyII Benzylamide, Using the 
/5 procedure described previously, a solution of L-isoleucine. N-[1-(carboxymethyl)-L-proiyl] benzylamide (71 
mg, 0.19 mmol). 4-N,N-dimethyl^inopyridine (7.5 mg, 0.06 mmol. 0.3 eq), 1,3-dicyclohexylcaitodiimide 
(64 mg, 0.31 mmol, 1.6 eq) in dichloromethane (5.0 mL) was treated with ( + /-) cyclchexyfphenylcarbinoi (45 
mg. 0.24 mmol, 1 .3 eq). After TLC indicated the reaction was complete, the mixture was purified by HPLC 
to provide 27 mg (26%) of the title compound. The 300 MHz. NMR analysis of this compound was 
20 consistent with the structure. 

Rf (50% ethyl acetate in dichloromethane) = 0.51 

HRMS caicd for (M + H)* [(CaaH^sNgOa + H)*] ion 546.7506; found 546.3491 

Example 82 ^ 

25 



30 



35 




L-lsoleucine, N-£1^2-{1-Phenyl-2-{4-MorpholIno)Ethoxy)-2-Oxoethyl)-L-Prolyn Benzylamlde. Using the 
procedure described previously, a solution of L-isoleucine, N-[l-(carfaoxymethyl)-L-prolyl] benzylamide (58 

40 mg. 0.15 mmoi), 4-N,N-dimethylaminopyridine (13.2 mg, 0.10 mmol, 0.7 eq), 1 ,3-dicycIohexylcarbodiimide 
(57 mg, 0.27 mmol. 1.8 eq) in dichloromethane (5.0 mL) was treated with (+/-) alpha-phenyi-4-mo- 
rpholinoethanol (50 mg, 0.29 mmol. 1 .9 eq). After TLC indicated the reaction was complete, the mixture was 
purified by HPLC to provide 20 mg (22%) of the title compound. The 300 MH2. ^H NMR analysis of this 
compound was consistent with the structure. 

45 Rf (50% ethyl acetate in dichloromethane) = 0.32 
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Example 83 




Usoleucine, N^1-<2-(2-Oxy-2-Methyladaniant-2-yl)-2-Oxoethyl)-L-Prolyq Benzylamide, Using the pro- 
cedure described previously, a solution of L-isoieucine, N-{1-(cartoxymethy()-L-proiyl] benzylamide (61 mg. 
0.16 mmoi). 4-N.^4-dimet^^y(aminopyridi^e (26 mg. 0^1 mmol, 1.3 eq). 1 .3-dicyciohexylcarbodiimide (51 
mg. 0.25 mmol. 1.5 eq) in dichiorometftane (3.0 mL) was treated with 2-methyi-2-adamantanol (33 mg. 021 
mmol. 1 .3 eq). After TLC indicated the reaction was complete, the mixture was purified by HPLC to provide 
20 mg (23%) of the title compound. The 300 MHz, NMR analysis of this compound was consistent with 
the structure. 

Ri (50% ethyl acetate in dichioromethane) = 0.45 
* HRMS caicd for (M + H)* [(C31H46N3O3 + H)+] ion 524.7284; found 524.3491 

Example 84 




L-lsoleucine, N-£1.{Adamantan-2-ylcarbamoylmethyl)-L-Prolyf] Benzylamide. Using the procedure de- 
scribed previously, a solution of L-isoleucine. N-{1-{carboxymethyl)-L-prclyl] benzylamide (113 mg, 0.30 
mmol). triethyiamine (168 uU 1.20 mmol. 4 eq) in acetonitrile (1.5 mL), was cooled to 0 **C and treated with 
isobutyl chlorofonmate (43 uU 0.33 mmol, 1.1 eq) followed by the hydrochloride salt of 2-adamantylamine 
(113.2 mg. 0.60 mmol. 2 eq). After TLC indicated the reaction was complete, the mbcture was purified by 
HPLC to provide 10 mg (6.5%) of the title compound. The 300 MHz, 'H NMR analysis of this compound 
was consistent with the structure. 
R, (100% ethyl acetate) = 0.26 

Example 85 




L-Isoleuclne, N-£1^Adamant-1-ylm€thy!carbamoylmethyl)-L-Prolya Benzylamide- Using the procedure 
described previously, a solution of L-isoleucine. N-[1-(carboxymethyI)-L-proiyl] benzylamide (106 mg. 0.28 
mmol). triethyiamine (158 uU 1.13 mmol. 4 eq) in acetonitrile (1.5 mL. was cooled to 0 **C and treated with 
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isobutyl chlorofarmate (40.5 uU 0.31 mmoi. 1.1 eq) followed by l-adamantanemethylamine (100 uL, 0.57 
mmol. 2 eq). After TLC indicated tfie reaction was compiete, the mixture was purified by HPLC to provide 
15 mg (10%) of the title compound. The 3C0 MHz. NMR analysis of this compound was consistent with 
the structure. 

Rt (100% ethyl acetate) = 0^5 

HRMS calcd for (M + H)* [(Cai H47N4O3 + H)*] ion 523.7436; found 523.3651 



L-lsoleuclne, N-I1-<2-(2-MethyM-{S)-Phenyl-1-Propoxy)-2-Oxoethyl)-L-ProJyn Benzyfamlde. Using the 
procedure described previously, a solution of L-isoIeucine, N-{1-{carboxymethyl)-L-prolyl] benzylamide (298 
mg, 0.73 mmol). 4-N.N-dimethylaminopyridine (95 mg. 0.77 mmol. 1.2 eq). 1 .3-dicyciohexylcarfaodiimide 
(243 mg. 1.18 mmol. 1.8 eq) in dichloromethane (10 mL) was treated with (S)-2-methyl-1-phenyl-1-propanol 
(100 mg. 0.64 mmol. 1.3 eq). After TLC indicated the reaction was complete, the mixture was purified by 
HPLC to provide 104 mg (32%) of the title compound. The 300 MHz. ^H NMR analysis of this compound 
was consistent with the structure. 
Rf (50% ethyl acetate in dichloromethane) = 0.57 



L-lsoleucine, N^1.<2-(2-Methyf-1-(R)-PhenyM-Propoxy)-2-Oxoethyl)-L-Prolyll Benzylamide. Using the 
procedure described previously, a solution of L-isoleucine. N-{1 -{carboxymethyl)-L-prolyl] benzylamide (298 
mg. 0.73 mmol). 4-N.N-dirfiethylaminopyridine (100 mg, 0.82 mmol. 1.3 eq). 1.3-dicyclohexyicarfaodnmide 
(242 mg, 1.17 mmol, 1.8 eq) in dichloromethane (10 mL) was treated with (R)-2-methyl-1-phenyl-1-propanol 
(100 mg. 0.64 mmol, 1.3 eq). After TLC indicated the reaction was complete, the mixture was purified by 
HPLC to provide 96^ mg (30%) of the titie compound. The 300 MHz, 'H NMR analysis of this compound 
was consistent with the structure. 
Rf (50% ethyl acetate in dichloromethane) = 0.57 



Example 86 




Example 87 
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Example 38 



"l H O 

L-lsoleucine, N-{1-(2-{4-tert-ButylcycIohexyl)-20xoethyl)-L.Prolyn Benzylamlde. Using the prccsdure 
described in example 1e, treatment of L-proline-L-isoleucine benzylamide (2Q0 mg, 0.63 mmol) with 4^t- 
butyl)cydohexyl a-chioromethyi ketone {164 mg. 0.76 mmol. 1.2 eq: prepared from 4^tert-butylcydohexane- 
carboxylic acid), provided 160 mg of the title compound as a white foam. The 300 MHz, NMR analysis of 
this compound was consistent with the structure. 
R, = 0.45 (50% EtOAc in CHzCfe). 

LSIMS = 4Q8 (mass calculated for C30H47N3O3 = 487.73). 
■ Example 89 



O >^ H 



L-lsoleucine. N-I1-<2-Bicyclo(2-2.1]hept-2-yl)-2-Oxoethyl)-L-Praiyn Beazyiamide. Using the procedure 
described in example 1e. treatment of L-proline-L-isoleucine benzylamide (100 mg. 0.32 mmol) with 2- 
norbomy! a-chioromethyl ketone (82 mg. 0.48 mmol. 1.5 eq; prepared from 2-norbomanecarboxylic acid) 
provided 69 mg of the title compound. The 300 MHz. ^H NMR analysis of this compound was consistent 
with the structure. 
R, = 0.28 (70% EtOAc in hexane). 

LSIMS = 454 (mass calculated for CarHasNsO^ = 453.63). 



Example 90 



N 

O OCH3 

L-lsoleuclne, N-{1.(2-(3,4,S.Triinethoxyphenyl)-2-Oxoethyl).L-Prolya Benzylamide. Using th proce- 
dure described in example 1e. treatment of L-proline-L-isoleucine benzylamide (100 mg. 0.32 mmol) with 
3 4 5-trimethoxyphenyl a-chloromethyl ketone (116 mg. 0.47 mmol. l.S eq: prepared from 3.4,5-trimethox- 
ybenzoic acid) provided 190 mg of the title compound. The 300 MHz. 'H NMR analysis of this compound 
was consistent with the structure. 
R, = 0.33 (50% EtOAc in CHjClj). 
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70 




IS L-lsoleuclne, N-{1-<2-{4-B€nzoyloxyphenyl)-2-Oxoethyi)-L-Prolyn Benzylamlde. Using the prccsdure 
described in example le, treatment of L-proline-L-isoleucine benr/lamide (200 mg, 0.63 mmoi) with 4*- 
benzoyloxy-a-bromoacetophenone (302 mg, 0.95 mmol, 1.5 eq) provided 171 mg of the title compound as a 
foam. The 300 MHz, NMR analysis of this compound was consistent with the structure. 
LSII^S = 556 (mass calculated for C33H37N3OS = 555.68). 

20 

Example 95 



30 




35 L-lsoleucine, N-£1-{2-(2-Ben2oyloxyphenyl)-2-Oxoethyl)-L-Proly(l Benzylamlde. Using the procedure 
described in example 1e. treatment of L-proline-L-isoieucine benzylamlde {200 mg, 0.63 mmol) with 2*- 
benzoyioxy-2-bromoacetophenone (302 mg. .0.95 mmol, 1.5 eq) provided 120 mg of the title compound as a 
foam. The 300 MHz, 'H NMR analysis of this compound was consistent with the structure. 
LSIMS = 556 (mass calculated for CaaHa/NaOs = 555.68). 

40 

Example 96 



45 



50 




55 L-lsoleucine, N-£l^2-(3-Phenoxyphenyl)-2-Oxoethy!)-L-Prolyn Benzylamlde. Using the procedure de- 
scribed in example le, treatment of L-proline-L-isoleucine benr/lamide (200 mg, 0.63 mmol) with 3*- 
phenoxy-2-chloroacetophenone (233 mg, 0.95 mmol. 1.5 eq; prepared from 3-phenoxybenzoic acid) 
provided 80 mg of the title compound as a foam. The 300 MHz. 'H NMR analysis of this compound was 
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consistent witfi th structure. 

R, = 0-26 (70% EtOAc in hexane). 

LSiMS = 528 (mass calculated for C32H37N3O* = 527.67). 



5 Example 97 



70 




L-)soleucine, N-£1-<2-{2-Phenoxyphenyl)-2-Oxoethyl)-L-ProlyO Benzylamide. Using the procedure de- 
20 scribed in example 1e. treatment of L-proline-L-isoieucine benzylamide (200 mg. 0.63 mmol) with 2'- 

phenoxy-2-chioroacetophenone (233 mg. 0.95 mmol, 1.5 eq; prepared from 2-phenoxy benzoic acid) 

provided 40 mg of the title compound as a foam. The 300 MHz. NMR analysis of this compound was 

consistent with the staicture. 

Rf = 0.31 (70% EtOAc in hexane). 
25 LSIMS = 528 (mass calculated for C32H37N3O* = 527.67). 



L*lsoleucinet N-{1-{2-{3,4,5-Triethoxyphenyl)-2-Oxoethyl)-L-ProlyO Benzylamlde- Using the procedure 
described in example 1^. treatment of L-proilne-L-isoleucine benzylamlde (200 mg, 0.63 mmol) with 3,4,5- 
triethoxyphenyl o-chloromethyl ketone (271 mg. 0.95 mmol. 1.5 eq; prepared from 3.4.5-triethoxybenzoic 
46 acid), provided 45 mg of the title compound as a foam. The 300 MHz, 'H NMR analysis of this compound 
was consistent with the structure. 
Rt = 0.19 (70% BOAc in hexane). 

LSIMS = 563 (mass calculated for CsjHUsNaOc = 567.73). 



Example 98 



25 



30 



Ox/ 




50 



55 



EP 0 564 924 A2 



Example 99 

H O 




Usoieucine, N-{1-{2-(Ben2on,31cIIoxol-5-yl)-2-Oxoethyl)-L-Prolyn Benzylamide. Using the procedure 
described in example 1e. treatment of L-proline-L-isoieucine benrylamide (200 mg. 0.63 mmol) with 
piperonyi a-ch!oromethyl ketone (188 mg, 0.95 mmol. 1.5 eq; prepared from piperonylic acid), provided 84 
IS mg of the title compound as a foam. The 300 MHz, NMR analysis of this compound was consistent with 
the structure. 

R, = 0.24 (70% EtOAc in hexane). 

LSIMS = 480 (mass calculated for CarHaaNgOs = 479.58). 
20 Example 100 



25 




30 

L-4soleucine, N-£1-{2-Oxo-2-[4-{2-Phenoxyethoxy)-Phenyl]-Ethyl>L-ProIyll Benzylamide. Using the 
procedure described in example 1e, treatment of L-proiine-L-isoleucine benrylamide (200 mg, 0.63 mmol) 
with 4*-phenoxyethoxy-2-chloroacetophenone, (275 mg, 0.95 mmol, 1.5 eq; prepared from 4-(2-phenox- 
yethoxy)benzoic acid), provided 80 mg of the titie compound as a crystalline solid. The 300 MHz, 'H NMR 
35 analysis of this compound was consistent with the structure. 
LSIMS = 572 (mass calculated for Ca^H^iNaOs = 571.72). 

Example 101 



45 



50 




L-isoleucJne, N-{1^2-(4-Phenoxyphenyl)-2-Oxoethyl)-L-Prolyn Benzylamide, Using the procedure de- 
scribed in example 1e, treatment of L-proiine-L-isoleucine benzylamide (200 mg. 0.63 mmol) with 4'- 
55 phenoxy-2-bromoacetophenone (275 mg, 0.95 mmol. 1.5 eq) provided 142 mg of the title compound. The 
300 MHz, ^H NMR analysis of this compound was consistent with the structure. 
LSIMS = 528 (mass calculated for Gi2H37N3 04 = 527.67). 
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70 




75 

L-Isoieucine, N-{1-{2-{2,4,6-TrimettioxyphenyJ)-2-Oxoettiyl)-L-Prolyn Benzylamide. Using the proce- 
dure described In example 1e, treatment of L-proline-L-isoleucine benrylamide (200 mg, 0.63 mmoi) with 
2',4'.6'-trimethoxyphenyl a-bromomethyl ketone (273 mg, 0.95 mmoi. 1.5 eq) provided 88 mg of the title 
compound. The 300 MHz, NMR analysis of this compound was consistent with the structure. 
20 LSIMS = 526 (mass calculated for C23H33N3O6 = 525.65). 

Example 103 




L-lsoleucine, N-{1-{2-{2,3-Dlmethoxyphenyl)-2-Oxoethyl)-L-ProIyn Benzylamide. Using the procedure 
described in example 1e, treatment of L-proline-L-isoleucine benzylamide (200 mg, 0.63 mmol) with 2'.3*- 
dimethoxyphenyl a-chlcrcmethyl ketone (190 mg, 0.88 mmol. 1.4 eq; prepared from 2,3-dimethoxybenzoic 
40 acid) provided 34 mg of the titie compound. The 300 MHz, 'H NMR analysis of this compound was 
consistent with the structure. 

LSIMS = 496 (mass calculated for C2aH37N305 = 495.62). 
Example 104 
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55 




L-lsoleucine, N-{1-(2-(2,6-Dlmethoxyphenyl)-2-Oxoethyl}-L-Prolyn Benzylamide. Using the procedure 
described in example 1e, treatment of L-proline-L-isoleucine benzylamide (200 mg. 0.63 mmol) with 2'.6*- 
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dimethoxyphenyl a-bromcmethyi ketone (326 mg. 126 mmoi, 2.0 eq) provided 80 mg of the title 
compound. The 300 MHz, 'H NMR analysis of this compound was consistent with the structure. 
LSIMS = 4S6 (mass calculated for CjaHgrNaOs = 4S5.62). 

Example 105 




L-lsoleucine, N-£1-{2-{1-{4-Methylphenyl)cyciohexyl)-2-Oxoethyl)L-Prolya Benzylamide. Using the 
procedure described in example 1e, treatment of L-proline-L-isoleucine benr/famide (200 mg, 0.63 mmol) 
with 1-<4-methyiphenyI)cydohexyi o-chioromethyl ketone (237 mg, 1.26 mmol. 2.0 eq; prepared from 1-(4- 
methylphenyl)-1-cycIohexanecarboxyiic acid) provided 30 mg of the title compound. The 300 MHz. NMR 
analysis of this compound was consistent with the structure. 
LSIMS = 532 (mass calculated for CasHUsNaOa = 53174). 

Example 106 




L-lsoleucine, N-{1-(2-{1-(4-Chlorophenyl)cycIohexyl)-2-Oxoethyl)-L-Proiyn Benzylamide, Using the 
procedure described in example 1e. treatment of L-proline-Usoleucine benzylamide (200 mg, 0.63 mmol) 
with 1-(4-chloropheny!)cycIohexyl o-chloromethyl ketone (342 mg, 1.26 mmol. 2.0 eq; prepared from 1-<4- 
chlorophenyl)-1-cydohexanecarboxylic acid) provided 30 mg of the title compound. The 300 MHz. ^H NMR 
analysis of this compound was consistent with the structure. 
LSIMS = 552 (mass calculated for C32H42CIN3O0 = 552.16). 

Example 107 

N 

OCKi 
OCHa 
0 

L-lsoleuclne, N-{1-(2-(2,3,4-Trlmethoxyphenyl)-2-Oxoethyl)-L-Prolyf] Benzylamide. Using the proce- 
dure described in xample 1e. treatment of L-proline-L-isoleucine benzylamide (200 mg, 0.63 mmol) with 
2,3.4-trimethoxyphenyl a-bromomethyl ketone (273 mg. 0.95 mmol. 1.5 eq) provided 100 mg of the title 
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compound. The 300 MHz, NMR analysis of this compound was consistent with the structure. 
LSIMS = 526 (mass calculated for CssHaaNaOs = 525.65). 

Example 108 



10 



75 




20 



L-lsoleucine, N-{1-<2-{1-PhenylcycIohexyl)-2-Oxoethyl)-L-Prolyn Benzylamide, Using the procedure 
described in example le. treatment of L-proiine-L-isoleucine benzylamide {200 mg, 0.63 mmol) with 1- 
phenylcyclohexyl a-chloromethyl ketone (224 mg, 0.95 mmol, 1.5 eq; prepared from 1-phenyl-1-cyclohex- 
anecarboxylic acid) provided 40 mg of the titie compound. T?ie 300 MHz. ^H NMR analysis of this 
compound was consistent with the structure. 
LSIMS = 518 (mass calculated for C32H43N3O3 = 517.72). 
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30 



35 



Example 109 





L-lsoleucine, N-{1-{2-{2,4,5-Trimethoxyphenyl)-2-Oxoethyl)-L-ProlylI Benzylamlde. Using the proce- 
dure described in example 1e, treatment of L-proline-L-isoleucine benzylamide (200 mg, 0.63 mmol) with 
40 2*,4\5'-trimethoxyphenyl a-bromomethyl ketone (274 mg. 0.95 mmol, 1.5 eq) provided 40 mg of the title 
compound. The 300 MHz, ^H NMR analysis of this compound was consistent with the structure. 
LSIMS = 526 (mass calculated for CzsHaaNaOfi = 525.65). 

Example 110 



50 



55 




.0CH3 



^0CH3 
O OCH3 

1-{2-(3,4,S-Trlmethoxyphenyl)-2-OxoethyQ L-Prollne Benzyl Ester Hydrochloride. Using the procedure 
described in example 1e, treatment of L-proiine benzyl ester hydrochloride (1.00 g, 4.14 mmol) and 3,4,5- 
trimethoxyphenyl a-bromomethyl ketone (2.4 g, 8.27 mmol) provided the amine (Rf = 0.37: 50% ElOAc in 
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hexane) The amine intermediate was treated wftt, HCI in ether and dried in vacuo to provided 1.58 g of the 
Stie compounras a solid. Tne 3C0 MHz, 'H NMR anaiys.s of th.s compound was consistent with the 



structure. 
Example 111 




L-Pfoline, 1.[2.(3.4.5-Tr1methoxyphenyO-2-Oxoethya Benzylamlde Hydrochloride. 

a) i.(^^^^^Tn^.thn^ ohenvn-2-Oxoethyll L-Proline Hydrochloride. The hydrochloride salt of H2- 
Ls-lime^ox^L^^ L-proline benzyl ester (l.bJ gj. w a^ d.ssoved .n ethanol (100 mL) 

S,d trraTed S'w! palladium on carbon (iSO-mg). The flask was purged with argon, purged wrth 
TZ ««r^« rJr under hvdrogen atmosphere (1 atm) until the reaction appeared complete by 
ji^Te wasi mo':^ Z ^Ln through Celite and solvent removed in vacuo to provide 1.15 

rotmTtirSou^dTa solid^The 300 MHz. 'H NMR analysis of this compound was consistent wrth 

i^,^'y-^n!\ ro.p...T^n,athnwo henvlV2-Oxoethyn Benzylamlde Hydrochloride. To an oven-dried 
Snn^ h»Z,I^ fl2'k wa^^ hydrochloride. (300 

round jottomed '^"L hexafluorophosphate (369 

Zi oS mmo 1 0^) ^TXdrouf tS^^^^^ (10 -I). The slunv was cooled to 0 «C and 
this compound was consistent with the structure. 

LSIMS [M-HCIl = 413 (mass calculated for CjjHjgNjOs + HCI = 44a.3J). 



Example 112 




MeO- OMe 
OMe 



. prniino iJ2/3.4S-Trimethoxyphenyl)-2-Oxoethyn 2-Phenethylamide Hydrochloride. Following the 
l?^ti^rS^ple^11b. the coupling of N-[2-(3.4.5-trimethoxyphenyl)-2-oxoethylhLi)rolin 
S'h IndeSoto oTmmol and phenethyJine (0.31 mU 2.5 mmol) provided, after treatment with 

was consistent with the structure. ^ . ^ ^ ^, ^ ^ _ ^- „«, 
LSIMS [M-HCI]= 427 (mass calculated for C2*H3oN205 + HQ - 462.98). 



EP 0 564 924 A2 



impie 113 




OMe 



rollne, H2-(3,4,5-Tr1methoxyphenyl)-2-Oxoethyn 3-Phenylpropylamide Hydrochloride. Following 
procedure described in Example 111b, the coupling of N-{2-(3,4,5-trimethoxyphenyl)-2-oxoethyi>L- 
ine hydrochloride (300 mg. 0.83 mmol) and 3-phenyipropyiannine (0.36 mU 15 mmoi) provided, after 
tment with HCI in EtjO, 120 mg of the title compound as a powder. Tne 300 MHz. NMR analysis of 
compound was consistent with the structure. 

AS [M-HCI]= 441 (mass calculated for C2sH32N2 05 + HCI = 477.00). 
mple 114 




OMe 



ollne, 1-I2-(3,4,5-Trfmethoxyphenyl)-2-Oxoethyn 4-Phenylbutylamide Hydrochloride. Following 
procedure described in Example 111b. the coupling of N-{2-(3.4,5-trimethoxyphenyl)-2-oxoethylH- 
ne hydrochloride (300 mg. 0.83 mmol) and 4-phenylbutylamine (0.39 mU 2.5 mmol) provided, after 
ment with HCI in Et20. 170 mg of the title compound as a powder. The 300 MHz, 'H NMR analysis of 
compound was consistent with the structure. 

IS [M.Ha]= 455 (mass calculated for C26H34N2OS + HCI = 491.03). 
Tiple 115 ^ • 

N H 
I ^OCHa 

O OCH3 

aline, 1-{2-(3,4,S-Trlmethoxyphenyl)-2-OxoethyO 2-<Pyrid-2-yl)ethylamide Dihydrochloride. Fol- 
•g the procedure described in Example 111b. tti coupling of N-{2-<3,4.5-trimethoxyphenyl)-2-oxoethyl]- 
jline hydrochloride (300 mg. 0.83 mmol) and 2(2-aminoethyl)pyridine (0.4 mU 2.5 mmol) provided, after 
-nent with HCI in EtjO. 193 mg of the titi compound as a powder. The 300 MHz. 'H NMR analysis of 
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structure. 



LSiMS [M-HC1]= 542 (mass calculated for C29H36Nt08 + HCI = 577.08). 



Example 118 



5 



75 



70 



MeO" 




OMe 



L-Proline, 1-{2-(3,4,5-Trimethoxyphenyi)-2-Oxoethya 2-Phenyl-2-oxoethylamide, Following the proce- 
dure described in Example 111b, the coupling of N-[2-(3.4,5-trimethoxyphenyl)-2-oxoethyl>L-proline hy- 
20 drochloride (200 mg, 0.56 mmol) and 2-aminoacetophenone hydrochloride (2S6 mg. 1.67 mmol) provided 
54 mg of the title compound as a powder. The 300 MHz.. NMR analysis of this compound was consistent 
with the structure. 
Rf = 0.46 (EtOAc) 

LSIMS = 442 (mass calculated for C24H23N206 = 440.50). 

25 

Example 119 



40 L-ProlIne, 1-I2-<3,4,5-Trimethoxyphenyl)-2-Oxo€thyn Tetrahydrofurfuryiamlde. Following the procedure 
described in Example 111b, the coupling of N-{2-(3,4,5-trimethoxyphenyi)-2-oxoethylhL-proline hydrochlo- 
ride (200 mg, 0.56 mmol) and tetrahydrofurfurylamine (0.17 mL, 1.67 mmol) provided 104 mg of the title 
compound as a powder. The 300 MHz, ^H NMR analysis of this compound was consistent with the 
structure. 

45 Rf = 0.20 (EtOAc) 

LSIMS = 407 (mass calculated for C21 HsoNzOc = 406.48). 
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Example 120 



70 



25 



40 



SO 




,0CH3 
\\ //-OCH3 



L-Proline, 1-{2-(3,4,5-TrimethoxyphenyO-2-Oxoethyn Naphttialen-1-y!methy (amide. Following the pro- 
csdure described in Example 111b, the coupling of N-[2-(3,4,5-trimethoxyphenyl)-2-oxoethyi]-L-proiine 
75 hydrochloride (300 mg. 0.83 mmoi) and 1-naphthyl methylamine (0.37 mL, 2.5 mmoi) provided 150 mg of 
the title compound as a powder. The 300 MHz. NMR analysis of this compound was consistent with the 
structure. 

LSIMS = 463 (mass calculated for CarHaoN^Os = 462.55). 
20 Example 121 



^M.^ H 



S-NH2 



N 

I .OCH3 
O OCH3 

L-ProHne, l-{2-(3,4,S-Trimethoxyphenyl)-2-Oxoethyl) 2-(4-SuWamoylphenyl)ethylamlde. Following the 
35 procedure described in Example 111b, the coupling of N-{2-<3.4.5-trimethoxyphenyl)-2H3xoethyl>L-proline 
hydrochloride (300 mg, 0.83 mmoi) and 4-{2-aminoethyi)ben2ene sulfonamide (334 mg, 1.67 mmoi) 
provided 300 mg of the title compound as a powder. The 300 MHz, 'H NMR analysis of this compound was 
consistent with the structure. 

LSIMS = 506 (mass calculated for Cz^HsiNaSO? = 505.60). 



Example 122 



N 

I .OCH3 
O OCH3 



L-ProIIne, 1-{2-<3,4,5-Trlmethoxyphenyl)-2-Oxo€thyf] 4-Phenylpiperidenylamide- Following the proce- 
dure d scribed in Example 111b. the coupling of N-[2-(3.4.5-trimethoxypheny!)-2-oxoethylH-proline hy- 
drochloride (250 mg, 0.69 mmoi) and 4-phenylpiperidine (336 mg. 2.1 mmoi) provided 67 mg of the title 
55 compound as a foam. The 300 MHz. 'H NMR analysis of this compound was consistent with the structure. 
Rf = 0.22 (EtOAc) 

LSIMS = 467 (mass calculated for C27H34N2OS = 466.58). 
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Example 123 




y-^^0CH3 
O OCH3 



OCH3 



L-Proline, 1-{2-{3,4,5-TrimethoxyphenyO-2-Oxoethyn 4-Methoxybenzamide Hydrochloride. Following 
the procedure described in Example 111b, the coupling of N-{2-(3,4,5-trimethoxyphenyl)-2-oxoethyl]-L- 
proline hydrochloride (250 mg. 0.69 mmol) and 4-methoxybenzylamine (0^7 mU 2.1 mmol) provided, after 
treatment with HCI in EtjO, 90 mg of the title compound as a powder. TRe 300 MHz. NMR analysis of 
this compound was consistent with the structure. 
Rf = 0.38 (free base in EtOAc) 

LSIMS [M-HCI] = 443 (mass calculated for C2*H3oN206 + HCI = 478.98). 
Example 124 



L-Prollne, 1-I2-{3,4,5-Trtmethoxyphenyl)-2-OxoethyO S-Methoxyberuramlde Hydrochloride, Following 
the procedure ^described in Example 111b. the coupling of N-{2-(3.4,5-trimethoxyphenyl)-2-oxoethyl>L- 
proline hydrochloride (250 mg, 0.69 mmol) and 3-methoxybenzylamine (0.27 mU 2.1 mmol) provided, after 
treatment with HQ in Et20. SO mg of the title compound as a powder. Tne 300 MHz. ^H NMR analysis of 
this compound was consistent with the structure. 
Ri = 0.38 (free base in EtOAc) 

LSIMS [M-HCI] = 443 (mass calculated for Ca+HaoN^Oc + HCI = 478.98), 
Example 125 



L-ProMne, 1-I2-(3,4,5-TrimethoxyphenyO-2-Oxoethyn 2-Methoxyben2amlde Hydrochloride. Following 
the procedure described in Example 111b, the coupling of N-[2-(3.4,5-trimethoxyphenyl)-2-oxoethylH- 
proiine hydrochloride (250 mg. 0.69 mmol) and 2-methoxyben2ytamine (0.27 mL 2.1 mmol) provided, after 
treatment with HCI in EljO. 120 mg of the title compound as a powder. The 300 MHz. 'H NMR analysis of 
this compound was consistent with the structure. 




O 



OCH3 
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Rt = 0.38 (free base in EtOAc) 

LSIMS [M-HCI] = 443 (mass calculated for C2*H3oN206 + HCI = 478.S8). 



Example 126 

5 



7 CH3 

Y-Q-0CH3 

0 OCH3 

75 

L-Prollne, H2-{3,4,5-Triniettioxyphenyl)-2-OxoethyQ N-Methyiphenethylamide Hydrochloride. Follow- 
ing the procedure described in Example 111b. the coupling of N-{2-{3.4.5-trimethoxyphenyl)-2-oxoethyl]-L- 
- proline hydrochloride (250 mg, 0.69 mmol) and N-methy! phenethylamine (0.30 mL, Z^ mmol) provided, 
20 after treatment with HCI in EtzO, 20 mg of the title compound as a powder. The 300 MHz, 'H NMR analysis 
• of this compound was consistent with the structure. LSIMS [M-HCI] = 441 (mass calculated for 
C2sH32N2 05 + HCI = 477.00). 
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Example 127 




L-ProlIne, 1-I2-<3,4,S-Tr!methoxyphenyt)-2-Oxoethyl) (S)-cz-methylbenzylamlde Hydrochloride, Follow- 
ing the procedure described in Example 1 1 1 b. the coupling of N-[2-(3,4.5-trimethoxyphenyl)-2-oxoethyll-L- 
proline hydrochloride (250 mg, 0.69 mmol) and (S)-(-)-a-methyibenrylamine(0.27 mL, 2.1 mmol) provided, 
after treatment with HCI in EtiO, 160 mg of the title compound as a powder. TTie 300 MHz, ^H NMR 
analysis of this compound was consistent with the structure. 
LSIMS [M-HCI] = 427 (mass calculated for C2iH3oN205 + HCI = 462.98). 

Example 128 



PCH3 
^ /^ocH3 
0CH3 



55 L-Proline, 1-{2-{3,4,S-Trimethoxyphenyl)-2-Oxoethyl] (R)-o-methylbenzylamlde Hydrochloride. Follow- 
ing the procedure described in Example 111b, th coupling of N-{2-(3,4.5-trinnethoxyphenyl)-2-oxoethyl]-L- 
proline hydrochloride (250 mg. 0.69 nnmol) and (RH + h'-methylbenzyiamine (0.27 mL, 2.1 mmol) provided, 
after treatment with HCI in EtjO, 190 mg of the titi compound as a powder. The 300 MHz, 'H NMR 



CI 
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analysis of this com 




, n ^ OCH3 

L-ProHne, 1-{2 r 




(mass ca/cu/ated for T^'^' 
l!LP'ei3l * HCI = 507.07). 




9''he'^pSi!"^'''"*"'°*yP''enyr)-2-0»no»K 
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TO 



T5 



20 



30 



Rf = 0.42 (for free base: EtOAc) . G-^^ 

LSIMS [M-HCl] = 379 (mass calculated for CaoHac^i^Os * HCI = 414.S3). 

Example 135 



35 



40 




L-Prollne, 1-{2-(3,4,S-TrimetJioxyphenyl)-2-Oxoethyn 1,2-Olphenylethylamlde Hydroch oride. Fol ow- 
ing me procedure described in Example 111b. the coupling of N-I2-<3.4^-^rnemoxypheny h2-oxoe*ylH 
proline hydrochloride (250 mg. 0.69 mmol) and U-diphenylethylan^ne (O-^O mU 2.1 P"^J«f-^^^^^^ 
freatment with HCI in Et,0. 95 mg of the title compound as a powder. The 300 MHz. 'H NMR analyse of 
this compound was consistent with the structure. 
Rf = 0.56 (free base in EtOAc) 

LSIMS [M-HCI] = 503 (mass calculated for C3oH3*N2 05 + HCI = 539.07). 



25 Example 136 




N 



,0CH3 

OCH3 
OCH3 



L-Prollne, 1-{2-(3.4.S.Trlmethoxyphenyl)-2-Oxoethyn Cydohexyl amide Hydrochloride. Fo'^wmg the 
procedure described in Example 111b. the coupling of N-t2-(3.4.5-trimethoxyphenyih2^xoem^^^^^^ 
hydrochloride (250 mg. 0.69 mmol) and cydohexyiamine (0^4 mU 2.1 mmol) provided, after freatment with 
HCI in EtiO. 147 mg of the title compound as a powder. The 300 MHz. 'H NMR analysis of this compound 

was consistent with the structure. 
Rf = 0.34 (free base in EtOAc) 

LSIMS [M-HO] = 405 (mas^ calculated for C22H32N2O5 + HCI = 440.97). 



50 



55 



EP 0 564 924 A2 



Example 137 
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75 l-{2-(3,4,5-Trimethoxyphenyl)-2-Oxoethy!I L-Homoprollne Benzyl Ester Hydrochloride. Using the pro- 
cedure described in example 1e, L-homoproline benzyl ester tosylate salt (5.0 g. 12.77 mmol) and 3,4.5- 
trimethoxyphenyl a-bromomethyi ketone (7.4 g, 25.6 mmol) provided 5.4 g of the title compound. Tne 300 
MHz. ^H NMR analysis of this compound was consistent with the structure. 

20 Example 138 



35 L-Homcproline, 1.t2-{3,4,5-TrimethoxyphenyI)-2-Oxoethyn Benzylamide Hydrochloride, 

a) H2-{3,4.5-Trimethoxyphenyl)-2-Qxoethyl] L-Homoproiine Benzyl Ester Hydrochloride. 1-{2-(3.4.5- 
Trimethoxyphenyi)-2-Oxoethyl] L-Homoproiine Benzyl Ester Hydrochloride was reductively cleaved using 
the procedure described in Example 118 to provide 4.46 g of the title compound. The 300 MHz, 'H NMR 

40 analysis of this compound was consistent with the structure. 

b) L-Homoproline. 1-{2-<3,4.5-Trimethoxyphenyl)-2-Oxoethyl] Benzylamide Hydrochloride. Following the 
procedure described in Example 111b. the coupling of N-[2-{3.4.5-trimethoxyphenyl)-2-oxoethylhL- 
homoproiinehydrochloride (200 mg. 0.53 mmol) and benzylamine (0.09 mU 0.80 mmol) provided, after 
treatment with HCI in EbO, 112 mg of the title compound as a powder. The 300 MHz, 'H NMR analysis 

45 of this compound was consistent with the structure. 

LSIMS [M-HQ] = 427 (mass calculated for C2iH3oN2 05 + HQ = 462.38). 



25 



MeO 




OMe 



50 



55 



EP 0 564 924 A2 



Example 139 



5 



70 




75 L-Homoprollne, H2-{3,4,5-Trimethoxypheny0-2-Oxoethyf] AdamanM-ylmethylamlde Hydrochloride 
Following the procedure described in Example 111b. the coupling of N-[2-(3,4.5-trimethoxyphenyf)-2- 
oxoethyl>L-homoproiine hydrochloride (200 mg. 0.53 mmoO and 1 -adamantyimethylamine (0.19 mU 1.07 
mmol) provided, after treatment with HCI in EtaO. 59 mg of the title compound as a powder. The 300 MHz. 
NMR analysis of this compound was consistent with the structure. 

20 LSIMS [M-HCI] = 485 (mass calculated for CasHioNzOs + HCI = 521.10). 

Example 140 

L-Homoprollne, H2'(3.4,5-Trlmethoxyphenyl)-2-Oxoethya tetrahydrofurfurylamlde. Following the pro- 
25 cedure described in Example 111b, the coupling of N-C2-(3.4,5-trimethoxyphenyi)-2-oxoethylhL-homoproline 
hydrochloride (200 mg, 0.53 mmol) and tetrahydrofurfuryiamine (0.17 mU 1.6 mmol). provided 100 mg of 
the title compound as a sticky solid. The 300 MHz, 'H NMR analysis of this compound was consistent with 
the structure. 

LSIMS = 421 (mass calculated for C22H32N20s = 420.51). 

30 

Example 141 



O 




OMe 



45 

L-Homoprollne, 1-{2-{3,4,5-Trimethoxyphenyl)-2-Oxoethyll 2-{4-Sultamoylphenyl)ethyfamlde. Follow- 
ing the procedure described in Example 111b. the coupling of N-C2-<3.4.5-trimethoxyphenyl>-2-oxoethylhL- 
homoproline hydrochloride (200 mg. 0.53 mmol) and 4-{2-aminoethyl)benzenesuifonamide (214 mg. 1.06 
mmol) pnDvided 25 mg of the title compoundas a solid. The 300 MHz, ^H NMR analysis of this compound 
50 was consistent with the structure. 

LSIMS = 520 (mass calculated for C2SH33N3O7S = 519.62). 



55 
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75 L-Homoproilne, H2-{3,4,5-Trimethoxyphenyl)-2-OxoethyQ (S)-a-methyibenzylamlde Hydrochloride 
Following the procedure described in Example 111b, the coupling of N-[2-{3.4.5-trin1ethoxyphenyl)-2- 
oxoethyl]-L-homoproline hydrochloride (200 mg. 0.53 mmoi) and (SH-)-a-niethylben2ylamine(0^1 mU 1.6 
mmoi) provided, after treatment with HQ in EtaO. 107 mg of the title compound as a powder. Tne 300 MHz. 
^H NMR analysis of this compound was consistent with the structure. 

20 LSIMS [M-HCI] = 441 (mass calculated for C2SH32N2O5 + HQ = 477.00). . 



55 L-Hcmoproilne, 1-{2-(3,4,5-Trimethoxyphenyl)-2-Oxoethyn (1-(SH2'-(S)-methylpropyf]-3-phenylprop- 
2-E-enyl}-am!de. 

a) trans 1 -Phenyl-3-(S)'[I(1 ,1 -dimethylethoxy)carfaonyi>aminoH"(S)-methylhexa-1 -ene. Into a 1-L round 
bottomed flask equipped with a magnetic stiffer was added diethyl benrylphosphonate (14.3 mL. 15.8 g, 

40 69.37 mmoi. 1.2 eq.) and THF (50G mL). The flask was purged with argon and cooled to -78 A 1 M 
solution of NaN(SiMe3)2 in THF (74.1 mU 74.1 mmoi, 1.2 eq.) was added dropwise to the phosphonate. 
and the color changed from coloriess to pale yellow. After stinring 30 min at -78 **C. a solution of Boc-L- 
isoleucinai (13.6 g, 63.1 mmoi; prepared as described eariien Saari, W. S.; Rsher, T. E Synthesis 1990. 
453-454.) in THF (50 mL) was added dropwise. The reaction mixture was stirred at -78 **C for 30 min, 

45 then allowed to warm up to 0 over a 2 hour period. The solution was evaporated to dryness and the 
resulting coloriess oil was dissolved in EtsO (250 mL). The ether solution was washed with sat aq. 
NH4CI (50 mL), sat aq. NaCI (25 mL), dried (MgSOi) and evaporated to a residue. The residue was 
purified by flash chromatography (5% EtOAc in hexane) to provide 8.7 g (48%) of the titie compound as 
a coloriess oil. 

so Rf = 0.63 (30% EtOAc in hexane). 

b) trans 1 -Phenyl-3-(S)-amino-4-(S)-metiiylhexa-1 -ene. A solution of trans 1-phenyl-3-{S)-{[(1,1- 
dimethylethoxy)carbonylhaminoH-(S)-methylhexa-1-ene (8.7 g, 30.27 mmoi) was dissolved in CH2CI2 - 
(50 mL) and treated with trifiuoroacetic acid (20 mL). After 20 min stining at 22 th reaction appeared 
complete (TLC). The reaction mixture was neutralized with excess sat aq. NaHCOa, washed with sat aq. 

55 NaCI (20 mL), dried (MgS04) and evaporated to a residue. The resulting coloriess oil was dissolved in 
EtaO (100 mL) and extracted with 1 N HCI (3 x 50 mL). The aqueous layer was neutralized with 1 N 
NaOH and extracted with EtzO (3 x 50 mL). The organic layer was dried (MgSO*) and concentrated in 
vacuo to provide 2.8 g (50%) of tine title compound as a colorless oil that solidified on standing. The 
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NMR and Mass spectrum analysis of this compound was consistent with the stnjcture. Rf = 0.04 (30% 
ElOAc in hexane). 

c) L-Homoproiine, H2-{3.4.5-Trimethoxyphenyih2-Oxoethyi] (1 -(SH2'-{S)'methylpropyi]-3-phenylprop-2' 
E-6nyl)-amide. Following the procedure described in Example 111b, the coupling of N-{2-(3,4.5- 
tnmethoxyphenyl)-2-oxoethyl]-L-homoproline hydrochloride (300 mg. 0.80 mmcl) and trans 1-pnenyl-3- 
(S)-amino-4-(S)-methyihexa-1-ene (228 mg, 12 mmol) provided 280 mg of the title compound as a solid. 
The 300 MHz, NMR analysis of this compound was consistent with the structure. 
LSIMS = 509 (mass calculated for CaoHUoNsOs = 508.66). 

Example 144 



I ' ^^^^ 

O OMe 



L-Homoproline, 1-{2-{3,4,5-Trimethoxyphenyl)-2-Oxoethyn (1-(S)-{2'.(S)-methylpropyq-3-pheny|. 
propyl)-amlde. In a round bottomed flask equipped with a magnetic stirrer was added L-homoproline. 1-[2- 
(3.4,5-trimethoxyphenyl)-2-oxoethyi] {1-(SH2'-{S)-methylpropyih3-phenylprcp-2-enyi)-amide (220 mg. 0.43 
mmol). 10% palladium on carbon (22 mg). and methanol (50 mL) The flask was purged with hydrogen and 
the sluny stin-ed under an atmosphere of H2 for 2 hours. The catalyst was removed by filtration through 
celite and the solvent removed in vacuo to provide 220 mg of the title compound. The 300 MHz, *H NMR 
analysis of this compound was consistent with the structure. 
LSIMS = 511 (mass calculated for C3oH42N2 05 = 510.68). 



Example 145 




O OCH3 

L-lsoleucine, N-£1-<2-{3,4,5-Trimethoxyphenyl)-2-Oxoethy!)-L-HomoprolyQ Benzylamida Following the 
procedure described in iExample 111b. the coupling of N-(2-(3,4,5-trimethoxyphenyl)-2-oxoethyl>L-homo- 
proline hydrochloride (200 mg. 0.53 mmol) and L-lsoleucine benzylamide (118 mg, 0.53 mmol) provided 
190 mg of the title compound as a solid- The 300 MHz, 'H NMR analysis of this compound was consistent 
with the structure. 

LSIMS = 540 (mass calculated for C30H41N3O6 = 539.68). 



EP 0 584 924 A2 



E xample 146 

H 



10 



IS 



20 



25 



H 




oven-dried round bottomed flask was ad^^^^^^ 

aminophenyl)e*y.arnide (100 "^^^ '^^'j^^^^^ by^acstyl chloride (0.024 mL. 0.34 

oc. and treated w,th P^^^'^^J ^!J^^ s6r for one hour. The solvent was rerr^oved in vacuo 
mmol. 1.5 eq). The '^^'^ ^'^J^^'^ti '^S and sat NaHCO, (50 rT,L). The organic layer was 
and me residue parttoned between EtOA^ ^^V«ncentrated to an oil. The oil was purified by flash 
washed w.th sat. aq. ^^^1. dned MQ^^^^^^^ ^ .^he 300 MHz. 'H NMR analysis of this 

chromatography to provide 70 mg of the titte compounu 



compound was consistent with the structure 
LSIMS = 484 (mass calculated for CasHaaNaOs = 483.37). 

Example 147 



lowing M P'OceOure aescnBrt ' j'~^ol) with benzoyl cWorWe (0.039 mL. 0J4 mn«jl) 



ao consistent with the structure 
R, = 0.35 (EtOAc) 

LSIMS = 546 (mass calculated for C31 Has NaCs = 545.54) 



Exaniple 148 



35 



Following th. procodur. .^•^'JfJo^^^iJ^ ij,™^^^^ mL. OM mm.1) 



40 consistent with the structure. 

Rf = 0.42 (EtOAc) ^ M n. - 

LSIMS = 526 (mass- calculated for Cas Has No Or - 525.51). 

Example 149 



* -.r. «»K«v«rih«inviV2-OxaethvO 2-(4-{N-Carbobenzyloxy)aminophenyO- 

L-Prollne, 1-P-{3.*.5-Trin'ethoxyphenyO 2<)xoem^ liT treatment of L-proline. H2-(3.4.5- 
ett^ylamlde. Following /^'^^^^^^^^^^^ with binzy. chlorofomiate 

50 this compound was consistent with the structure. 



Rl = 0.42 (EtOAc) 
LSIMS = 577 (mass calculated for CjHj/NaO/ = 575.57). 
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L-Homoproline, 1-{2-{3,4,5-Trimethoxyphenyi)-2-Oxo€thyn 3-<4-<N-CartDoallyioxy)amlnophenyl)propyl 
Ester Hydrochloride. 

a) N-Carbo-ferr-butoxy-L'homcproline 3-(4-(N'CarboaJlyloxy)anninophenyl)propyi Ester. To an oven-dried 
round bottomed flask was added N-carbotertbutoxy-L-pipecoiinc ac:d (500 mg. 2^ mmoi), 1.0 eq 
ben20tria20l-1-yloxy-tris(dimethylamino)phosphonium hexafiuorophosphate (966 mg. 2.2 mmoi). 3-(4-(N- 
carboallyloxy)aminophenyi)propanol (514 mg. 22 mmoi) and anhydrous dichloromethane (20 mL). The 

■ solution was cooled to 0 "C and treated with triethylaniine (0.92 mL 6.0 mmoi. 3.0 eq). After stining for 3 
hours at 0 the reaction mixture was diluted with dichloromethane (100 mL). washed with 5% citric 
acid (100 mL). sat NaHCOa (100 mL). sat aq. NaCI (100 mL). and dried (MgSO*). The solution was 
concentrated in vacuo, and purified by flash chromatography to provide 740 mg of the title compound. 
This material was used directly for the next reaction. 

b) L-Homoproiine 3*(4-(N-Carboaliyloxy)aminophenyl)propyl Ester Trifluoroacetate Salt This material 
from example 150a was dissolved in ether (20 mL) and treated with trifluoroacetic acid (2 mL) and 
allowed to stir at 22 'C for 17 hours. The solvent was removed in vacuo and the residue triturated three 
times with ether and dried to provide 220 mg of L-homoproline 3-{4-(N-carboailyioxy)aminophenyl)propyl 
ester as the trifluoroacetic add salt This compound was used directly for the next reaction. 

c) L-Homoproline 1-{2'{3.4,5-Trimethoxyphenyl)-2'Qxoethyll 3*{4-{N-Cart?oallyioxy)aminophenyl)propyl 
Ester Hydrochloride! in an oven-dried flask, was added L-homoproline 3-<4-{N-carboallyloxy)- 
aminophenyl)propyl ester as the trifluoroacetic acid salt (200 mg). 3.4.5-trimethoxyphenyl-2- 
bromoacetophenone. and THF (20 mL). The slurry was treated with triethylamine (0.3 mL 2SL mmoi, 5 
eq) and heated to reflux for 4 hours. The solvent was removed in vacuo and the residue was taken up in 
EtOAc (100 mL) and washed with sat NaHCOa (100 mL). sat aq. NaC! (100 mL), dried (MgSO*) and 
concentrated in vacuo. The residue was purified by flash chromatography to provide the free amine (Rf 
= 0.44: 30% EtOAc in hexane) which was treated with HCI in ether and dried in vacuo to provide 60 mg 
of the title compound as a solid. The 300 MHz, 'H NMR analysis of this compound was consistent with 
the structure. LSIMS [M-HQ] = 555 (mass calculated for CsoHagN^Oa + HCI = 591.10). 



L-Proline, 1-{2-Adamantan-1-yl-2-Oxo€thyn 3-{4-{N-Carboallyloxy) amlnophenyl)propyl Ester Hydro- 
chloride. 

a) N-Carbo-fe/t-butoxy-L-proline 3-(4-(N-Carboallyloxy) aminophenyl)propyl ester. Following the proce- 
dure described in Example I50a. the coupling of N-Carbo-ferr-butoxy-L-proline (457 mg, 2.1 mmoi) and 
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3-(4-{N-carboailyfoxy)aminophenyl)propanol (500 mg. 2.1 mmol) provided 580 mg of the Bcc-protected 
intermediate. 

b) This intermediate from ExampI 151 a was deprctected with 1 N HCI in ether (20 mL) and the mixture 
was aJlowed to stir for 17 hours at 22 *'C. The solution was concentrated in vacuo to provide 490 mg of 

5 the corresponding hydrochloride saJt. 

c) L-Proiine. 1- [2-Adamantan-1'yl-2-Oxoethyl] 3-(4-(N<:art]oai[yioxy) aminophenyQpropyi Ester Hydro- 
chioride. A portion of the hydrochloride sait (195 mg. 0,53 mmol) was treated with l-acamantyl a- 
bromomethyl ketone (272 mg. 1.06 mmol). using the procedure descibed in Example 150c. This 
provided the free amine which was treated with HCI in ether and dried in vacuo to provide 90 mg of the 

10 title compound as a solid. The 300 MHz, 'H NMR analysis of this compound was consistent with the 
structure. 

Rf = 0.38 (for free base: 50% ElOAc in hexane). 

LSIMS [M-HCl] = 509 (mass calculated for CaoHUoN^Os + HCI = 545.12). 



75 Example 152 
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L-Homoproline, H2-Adamant-1.yl-2-Oxoethyn 3-(4-(N-Carboaliylcxy)aminophenyl)propyl Ester Hy- 
drochloride, Following the procedure described in Example 150c. 3-(4-{N-carboallyioxy) aminophenyl)- 
propyl pipecolinate, trifiuoroacetic acid sait (220 mg. 0.48 mmol) and 1-adamantyl a-bromomethyl ketone 
30 (250 mg, 0.97 mmol) provided the amine which was treated with HCI in ether to provide 40 mg of the title 
compound as a powder. The 300 MHz, ^H NMR analysis of this compound was consistent with the 
structure. 

LSIMS [M-CI] = 523 (mass calculated for C31H42N2O5 + HCI = 559.15). 
35 The immunosuppressive properties of the present compounds were evaluated in the following assays^ -gX^ 



1) inhibition of PPIase Activity 

This assay follows in principle the procedure described in Kofron et al., 1991, Biochemistry 30:6127. 

40 The three main reagents used are. PPIase. a substrate for PPIase, and a selected inhibitor compound aS 
the present invention. The basic principle behind this assay is the conversion of the cis isomer of thcf- 
substrate to the trans fomi, which conversion is catalyzed by PPIase. Essentially, inhibition of this PPIas€^ 
activity is measured for the selected compounds, A peptide chymotrypsin substrate containing a proline in,^ 
the P2 position is only cleaved by chymotrypsin when the Phe-Pro bond is in the trans isomeric 

45 configuration. In the presence of excess chymotrypsin. all of the trans peptide isomers are cleaved within 
approximately five seconds, leaving only ds fomns. 

The ds peptide will spontaneously convert to the trans isomer at a slow rate. The ds to trww 
conversion is catalyzed by isomerases at a much faster rate than this spontaneous conversion. ^^^^ 
PPIase activity are examples of such isomerases. After isomerization. the peptide is 

50 chymotrypsin releasing p-nitroaniline which can be monitored at 390 nm. The rate of ^'^^^^^^^ 
calculated using a first order rat plus offset equation utilizing the ENZFTTTER program (Leatnerw^. 
BIOSOFT. Cambridge. United Kingdom). 
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Example 153 



10 



15 



PPIase Inhibition Assay 

In a clastic cuvette are added 950 ul of ice cold assay buffer (25 mM H£=53. pH 7.8. 100 mM NaCI). 
10 uL of FKBP (2 5 uM in 10 mM Tris-Cl pH 7.5. 100 mM NaCl. 1 mM dithicthreitcl). 25 ul of chymotrypsin 
ISO mo/mi in 1 mM HO) and 10 ul of the test compound at various concsnlraticns in dimethyl sulphoxide. 
The reaction is initiated by addition of 5 ul of substrate (Succinyi-Ala-Phe-Frc-rhe-para-nitroanilide. 5 mg/ml 

in 235 mM LiCI in trifluoroethanol). 

TTie absorbance at 3S0 nm versus lime is monitored for 90 sec using a Beckman DU70 spec- 
troohotometer The absorbarce versus time data files are transferred to an IBM XT computer and the rate 
conSdetemiined using the commercial Enzfitter program. For each set of data the -c^ai^^ rate of 
con^ion is measured and the uninhibited enzymatic rate detemiined. .ne data are expressed as „ 
Inhibition and are calculated as follows: 



% Inhibition = 



20 



X ICO 



S0% inhibition of enzyme acll«it, (IO5.) wo., detemilnod by nonhnoar least squares ,egreas»n analyse. 
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TABLE I 



Example no. ) _ 




Exampie l 


2.2 


Example 2 


<50 


Exampie 3 


2.7 


Example 4 


3 4 


Example 5 




Example 6 




Example 7 




j Example 8 




r Example 9 


<50 


I Example 10 




Example 11 




Example 12 


>ou 


1 Example 13 


ou 


Example 14 


<ou 


Example 15 


<ou 


Example 16 




Example 17 


<50 


1 Example 18 


>50 


I Example 19 


<50 


[ Example 20 


0,0o 


I Example 21 


0.99 


[ Example 22 


<50 


Example 23 


1 2 




Example 24 






Example 25 


<50 


I Example 26 


<5U 


[ Example 27 




Example 28 




Example 29 


5 


Example 30 


<3 


Example 31 


>o 


I Example 32 


2.2 


Fxample 33 


>50 




Example 34 


n.d. 




Example 35 


1 5 




Example 36 


^5 




Example 37 


<S 




Example 3€ 


>S 




Example 3£ 


<5 




Exampie 4C 


<5 



1 Exampie No. 


(IC50) 


Example 41 


<5 


Examoie 42 


<5 


Exampie 43 


^D 


Exampie 44 


50 


Example 45 


>50 


Example 46 


<50 


Example 47 


I \ 


1 Exampie 48 


>50 1 


1 Example 49 


5,1 


[ Example 50 


1.2 1 


Example 51 


0,22 ! 


Example 52 


2.3 


1 Example 53 


0.71 


Example 54 


0.4 


1 Example 55 


<5 



Example 56 



Example 57 



Example 58 



Example 59_ 



Example 60 



Example 61 



Example 62 



Example 63 



Example 64 



Example 65 



Example 66 



Example 67 



Exampie 68 



Example 69 



Example 70 



Example 71 



Example 72 



Example 73 



Example 74 



Example 75 



Example 76 



Example 77 



1.3 



0.3 



0.1 



0,1 



0.71 



0.4 



0.2 



0.64 



<5 
>5 



>5 
>5 



>5 



>5 



Example 78 



Example 79 



Example 80 



>5 



3.2 



<5 



0.88 



ND 



mean.s "not determined' 
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TABLE 1 (Contd.) 



Example No. 


(IC50) M-M 


Example 81 


>o 


Example 82 


<5 


Example 83 


0.12 


Example 84 


<5 


Example 85 


<S 


Example 86 


0.6 


Example 87 


1 .2 


Example 88 


<5 


Example 89 


<5 


Example 90 


<5 


Example 91 


5 


Example 92 


>5 


Example 93 


<5 


Example 94 


5 


Example 95 


<5 


Example 96 


<5 


Example 97 


<5 


Example 98 


<5 


Example 99 


<5 


Example 100 


<5 


Example 101 


<5 


Example 102 


<5 


Example 103 


<5 


Example 104 


<S 


Example 105 


<5 


Example 106 


<5 


Example 107 


>5 


Example 108 


<5 


Example 109 


<5 


Example 110 


fO 


Example 111 


>5 


Example 112 


>5 


Example 113 


>5 


Example 114 


>5 


Example 115 


>5 


Example 116 


>5 



Example No. t (IC50) 


Example 117 j >5 


Example 118 | >5 


Example IIS | >5 


Example 120 | >5 


Example 121 


>5 


Example 122 


>5 


Example 123 


>5 


Example 124 


>5 


Example 125 


>5 


Example 126 


>5 


Example 127 


>5 


Example 128 


>S 


Example 129 


>5 


Example 130 


>5 


Example 13-1 


>5 


Example 132 


>5 


Example 133 


>5 


Example 134 


>5 


Example 135 


>S 


Example 136 


>s 


Example 137 


ND 


Example 138 


>S 


Example 139 


>S 


Example 140 


>S 


Example 141 


>5 


Example 142 


>S 


Example 143 


>S 


Example 144 


>5 


Example 145 


ND 


Example 146 


>5 


Example 147 


>5 


Example 146 


>5 


Example 149 


>5 


Example 150 


>5 


Example 151 


>5 


Example 152 


>5 



where ND means "not determined" 



Results: The results of the compound testing are presented in TABLE 1, above. As stated previously, it was 
not initially apparent whether or not inhibition of PPIase activity was necessary and sufficient for im- 
munosuppression. Presently, the prevailing thought is that binding to the PPIase enzyme may be necessary 
but is not sufficient Therefore, the data on PPIase inhibition may be viewed as an assay to detect whether 
or not a given compound is capable of Interacting productively with FKBP. 

2) Human T Lymphocyte inhibition 

inhibition of mitogen-induced T^cell proliferation can be used to profile immunosuppressiv 'activity of 
test compounds. In the description of the assay which follows, mitogen-induced T-cell proliferation was used 
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to test the inhibitorv potencies of select compounds of the present inventton. 

In arrsay 7mSar to that described by Bradley in Mishell et al. (Eds.). 1980. Selected Methods In 
Cellular immunology, pp 156-161, W.H. Freeman & Co.. San Fransisco. CA., T-c8lls were stimulated by 
incubation with phytohemagglutinin (PHA) which binds to cell surface mclecul s. including tf,e T<ell 
receptor. This stimulation results in proliferation which can be measured by incorporation of pH>thym.d.ne 

'"^Thelmmul^suppressive properties of the compounds of the present invention can be determined by 
adding various concentraticns of the compounds to these cultures and measuring the effect on Ksll 
proliferation. 

Example 154 

Suppression of Human T^II Proliferation Assay 

Fresh LeukoPaks were obtained from the New York Blood Center. New York. NY. The cells, including 
er^rlZ^t^^^oc^^., wece diluted with Hank's Balanced Salt Solution (HBSS) (G.BCO. Grand Island. 
NTand layered over Lymphoprep (Nycomed Pharma AS. Oslo. Norway) m stenle 50 "-'^ 
tubes. Lymphocytes were isolated at the Hank's/Nycomed interface after cenffrfugation at 2000 X g 4 C for 
15 mm The lymphocytes were washed with Minimal Essential Medium (QIBCO) containmg 2% fetei bovine 
LruT\Ss)T4m^^^^^ CO.. St Louis. MO). 1% HEPES buffer .(GIBCO) and 1% Pen,all,n- 

'''T^r::^l^^^l^^ essen^^ly by sheep ery^rccyte (SRBC) roset«ng as descHbed by 
Morimoto et al.. 1983. J. Immunol. 130:157. TTie isolated lymphocytes were adiusted to 2 X.^ « fj» 
5 ml aliquots of the cell suspension were incubated for 10 minutes at room temperature with 5 ml of a 5 
SRBC (Cappel. Organon Technika Corp.. West Chester. PA) suspension. TTie cells were gently pelleted by 
centrifugation at 300 rpm for 10 minutes, followed by a 1 hour incubation at room temperaftire to allow 
rosette fomiation. The cells were gently resuspended. layered over lymphoprep and centnfuged for 30 
minutes at 500 X g. The pellet containing resetted T-cells and SRBC was treated witti .ce cold buffered 
ammonium chloride (GIBCO) to lyse the erythrocytes. T<ells were washed twice wrtti HBSS 

Purified T-cells were resuspended at 2 X iC cells /ml in complete fl^^^ "^f *=°'"P'*^„? " 
1640 (Whittaker Bioproducts. Walkerville. MD) with 10% PBS (Sigma). 2 mM L-glutamme (GIBCO). 1% 
Penicillin-Streptomycin (GIBCO) and 15 mM HEPES (GIBCO). In 96-well pl^s '^^f^^J^^'f^^'^^'^^ 
Park. NJ). 0.1 ml aliquots of T-cell suspension were mixed with 0.05 ml of 40 ug/ml PHA-M (S'gma).^e 
compounds.of this invention were dissolved in dimethylsulfoxide at 10 mM and ^^^^ 
medium were added in duplicate wells (0.05 mIMell). The plates were incubated at 37 «C .n a hum.drfied 
atmosphere of 5% carbon dioxide and 95% air for 72 hours. «,„ « h«..« 

Proliferation was assessed by measurement of PHJ-thymidine incorporaflon. Dunng ttie last 6 houre of 
incubation, the cells were pulse labelled with luCiMell of PH>thymidine (New England Nuclear. Bostoa 
MA). The cells were harvested onto glass fiber paper using a plate har/ester and *e rad.oacttvrty 
incorporated into cellular DNA corresponding to individual wells was measured by standard .quid santlla- 
tion counting methods. The mean counts per minute (CPM) of replicate wells was calculated and hnear 
regression analysis of mean CPM versus compound concentration was used to determine the concentraton 
of compound which woulrfinhibit pH>thymidine incorporation of T-cells by 50% (ICso). 

The results of this assay, presented in Table 2. are representative of the intrinsic immunosuppresive 
activity of the compounds of the present invention. Thus, concentrations less than 10 u M of some of the 
preferred compounds suppress the T-cell proliferative response by 50%. 
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TABLE 2 (Cotud.) 
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example izo 
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Example 85 
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Example 86 
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example i22 
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Example 87 
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Example 123 
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Example 88 
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Example 89 
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Example 111 
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Example 115 
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3) NFAT Assay; 

Stimulation of T-cells leads to the appearance of several transcription factors, including one designated 
"NF-AT". Th se factors are involved in regulation of gen expression required for immunologic activation^ 
Some of these transcription factors appear to have functions in a wide variety of cell typ s. By contrast, NF- 
AT is found primarily in T-cells and its role is restricted to eariy gene activation. In addition, NF-AT activity 
is inhibited by the immunosuppressant drugs. Cyclosporin A and FK506 (Schreiber and Crabtree, 1992. 
Immunology Today 13:136). 
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art usina FGL-5 cells FGL-5 is a dcned line of stably trarsfected 
Inhibition of NF-AT activity rneasurea ^ g ^ ^^^^ ^^.^^ ^^p,^^ ^^^.^^ ^^^^ 

Jurkat T-cells that contain a M"**™^ '"J .^alactosidase (Rering et al.. 1S90. Genes & Development 
transcription of the lacZ ^^"^'J^^^^^t.crbol esters whidi activate protein kinase C and calcium 
4:1823). When these cells ^^"'"^^Tj^^centration. transcriptionally active NF-AT is produced. In T- 
ionophore to raise the i^^^^^*^, J^°"l'°rfTi Kell growth factor. However, in FGL-5 cells NF-AT 
cells, this normally 'eads to *e ^^P'^^^ J ^j,, ^ ^e detected using an appropriate substrate, 
activation leads to the producaon ^^^^ jonophore and the compounds of the present 

FGL-5 cells were ^^^^^ ^'^^^^^l^'^ . as shown below, 
invention to measure inhifaiton of ;3-galaaosiaai 

Ex ample 155 

MF-AT inhibitlor, Assay Directed ,-Ga.actosidase Express.or, 

H rrihed fBierer et al ISSO, Proc. Natl. Acad. Sci. 87:9231). 
This assay was perfomied essentally ^ rpmi-1640 with 10% FBS. 2 mM L-glutamine. 1% 

FGL-5 cells were maintained in "^edjum M"f^"^TT,- ^^^^ ^^^^ ^.^ exponentially growing cells 

Penicillin-Streptomycin and 15 mM "f^^ buffer J y ^^^^ resuspended to 3 million cells/ml in 

whose densit/ was not greater than 0.5 million ce s/mu 

medium and 0.1 ml was added to ^^"^ ^^^^Jl^'^^ive^ in either ethancl or dimethylsulfoxide at 10 mM 
The compounds of the present "^^"^"".^^'^^^^'added to cells in duplicate wells. Treatment consols 
and 0.05 m^ell of various dilutons ^^^f^^^^^^^, medium, ethanol or dimethylsulfoxide was added 
consisted of duplicate wells to whKrh 0.05 '^^'^'^ concentration as was used for the compounds. Cells 
The ethanol and dimethyl sulfoxide were f Jf^J^^J^ . ^j^utes. Phorbol dibutyrate (Sigma) and 

were incubated with compounds ^/^/^J^.JP^^^Xid 2 mM. respectively and stored at -70 'C. 
; lonomycin(Calbiochem) were dissolved art 50 a^^^^^ ^^.^^ ^ 200 ng/ml and 8 uNK 

FGL-5 cells were stimulated ''V ,,'^i"*'"3„^!'Ved ^^^^^ 
to duplicate wells. The plates were incuuai<~ 

of 5% COj and air. ^ « the fluorescence generated by the cleavage of 4-methyl 

^^alactosidase activity was measu^ Z,^L^ide^nd After ovemight incubation, the cells were 
umbeleryl-^-D-galactoside (S'g;a) ;t f 3 times with PBS. The cells were then 

centrifuged at 500 x g for 3 minutes in me S&^wdl ^^^.^^ ^^^^^^^^^ """^^''^^JV? 

resuspended in 0.18 mIMell of reacton "'^f^T.^^^j^^^ x-l00 (Pierce. Rockford. IL). and 0.5 mM 4- 
mM poiassium chloride. 1 mM magnesium sulfate. 0.1 /« Tnton X 

« -Tersrat^^^ 

^^^-ntThiSr ^ht nrnSi^me compounds was Cculated as: 

Hfluorescen cc with compound - unstimulated control) ^ 
^'^''^^'^^ Juorcsccncc with solvent alone - unstimulated control) 

n^on of compounds required for 50% inhibition (ICso) were detemiined by 
The values of the concentration °* ""'P°""'» !J compound concentrations. 
Hnear regression analysis of the P^^;^'^'!L''^^^^^"^^Z^^,e of the intrinsic immunosuppre^ 
The results of this assay presented .n TABLE 3 «J>^^^^^ ^F-AT directed /J-galac- 

°' *- ps's^rrTc.rrurorr^ 

50 tosidase expression by stimulatea ruu ;3 ^« 



ceil proliferation. 
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TABLE 3 



Example No. 


(IC50) \iM 


Exarnple 1 


^D 


Example 2 


ND 


Example 3 


ND 


Exsmoie 4 


ND 


Pxamols S 


ND 


Examnle 6 


ND 




ND 




ND 




ND 




ND 


Cyomnla i 1 


ND 






CXalnpie lo 




CASinpie 1 H 




CX2ITipi6 13 




bXcunpie lo 


iNL/ 


example i / 




example lo 




example is 


Kin 


example zu 




example 21 




example 2z 




example ^ 


NT) 


example 


Kin 


cxampte ^t) 




example 




example ^/ 




example cLo 




example 


ND 


example ou 




example oi 


Kin 


cxdmpie 0^ 


1 w 


Examole 33 


>100 


Example 34 


ND 


Example 35 


41 


Example 36 


1 9 


Example 37 


1 3 


Example 38 


22 


Example 39 


1 4 


Example 40 


24 



ExampJe No. 




Example 41 


>33 


Example 42 


1 5 


Example 43 


ND 


Example 44 


ND 


Example 45 


ND 


Example 46 


ND 


Example 47 


ND 


Example 48 


ND 


Example 49 


44 


Examcle SO 


73 


Examcle Si 


>100 


Examcle 52 


20 




>1 00 

1 WW 


EYSfnolp 54 


1 a 


pYamolp 55 


^ 1 WW 


ETA<all I^CC 


t O 


PY3mnlp ^r7 


5 0 


eAainpic oo 


1 6 


example 0^ 


1 / 


example ou 


O / 


example 0 1 


no 


example Oi^ 


6 O 


Pysmolp 
CAoiii^te 00 


1 S 
1 w 


Py^mntA R4 


1 6 

• w 


pY2jiTm!o R5 




Pyamnlp 66 


ND 


PYamolp 67 


ND 


Pyamnlp 6fl 


ND 


Py^mnlp 6^ 


M) 




ND 


example / 1 




example / ^ 




Examcle 73 


ND 


Example 74 


ND 


Example 75 


NO 


Example 76 


ND 


Example 77 


1 2 


Example 78 


>100 


Example 79 


13 


Example 80 


1 3 



where ND means "not deternnined' 
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TABLE 3 (Contd.) 



Example No. 


(ICso) uM 




Examcle No 


1 \'^50/ M-*^ 


Example 81 


6 




Examole 117 


1 n 


Example 82 


1 3 




Example 118 


>15 


Example 83 


5 




Example 119 


4 


Examole 84 


>100 




Example 120 


>15 


Examcie 85 


26 




Example 121 


>15 


Examoid 86 


6 




Example 122 


>33 


PxamoJp 87 


6 




Example 123 


1 >33 


Examnip flfl 

^^Ol 1 tfjl ^ Ow 


8 




Example 124 


1 >33 


PxamolA flQ 


1 7 




Example 125 | >33 




7 
* 




Example 126 


>33 


pYJ3mniA Q1 


^ 1 ^ 




Example 127 


1 >33 


Pxamolp 

(kACUII^IC W^ 


^ 1 w 


- 


Example 128 


1 >33 




> 1 O 




Example 129 


>33 




> 1 o 




Example 130 


>33 


pY^mnla QC 


> 1 O 


- 


Example 131 


>33 


cxdnipie 


> 1 O 




Example 132 


>33 


example 9/ 


>1 O 




Example 133 


>33 


example 9o 






Example 134 


>33 


example 99 


1 




Example 135 


>33 


example 100 


>15 




Example 136 


>33 


example 101 


c 
O 




Example 137 


ND 


example iu2 


0 




Example 138 


>15 


example luo 


7 
/ 




Example 139 


>1S 


eAampie 1 U4 


7 
1 




Example 140 


>15 


example 1 uo 


Q 
O 




Example 141 


>15 


eAaJupte 1 ub 


/ 




Example 142 


>15 


Pvarnnlfl 1 rt7 
eAOJiipie lU/ 


/ 




Example 143 


>15 


eAallipic 1 UO 


c 
o 




Example 144 


>15 


Example 109 


>15 




Example 145 


>15 


Example 110 






Example 146 


>15 


Example 111 


7 




Example 147 


>15 


Example 112 


7 




Example 148 


>15 


Example 113 


8 




Example 149 


>15 


Example 114 


1 0 




Example 150 


3 


Example 115 


>15 




Example 151 


>15 


Example 116 


>15 




Example 152 


>15 



where ND means "not determined" 
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4) Graft versus Host Ass ay i 

Inhibition of the graft versus host response (herinafter "GVHR") by the compounds of the present 
invention is another means to demonstrate their immunosuppressive activity; Transfer of parental strain T- 
55 cells (the graft) into Fl hybrid animals (the host) different with respect to gene products of the major 
histocompatibility complex (MHC) causes a GVHR. This reaction results from recognition of host allogeneic 
MHC gene products by specific clones of graft T-cells. 
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When given systemically in sufficient numfcers. me graft T-cells cause a progressive, generally fatal, 
wasting syndrome. A local, nonfatal GVHR. rrarte^ by enlargement 0^*^ draining PoP'ite^ "yn^Ph nodes, 
ensues when graft T-calls are administered via the footpad as descnbed by rord et al 1970. Transplan- 
tation lO-,258 The GVHR is regarded as a correlate of allograft reiecticns where speafic T-cells of either 
host oralioqraft origin are activated after recognition of allogeneic MHC gene products, leading to an 
immune inflammatory response which ultimately results in the destruction (rejection) of the allograft. 

Example 156 

Mouse Lymph Node Assay for Modulation of Graft versus Host Response 

Single cell suspensions in phosphate buffered saline (PBS) were prepared fmm *e spleens of bdfi 
;,nd CS?BI\6 mice (Jackson Lat:s. Bar Harbor. ME). The cells were pelleted by csntfugaton at 500 X g for 5 
^in^!S mrollS^susJended in 0.9 ml distilled water to lyse er/throcytes. After 5 seconds. 0.1 ml 
: X cJnc^rt^l'^BS :L addi. resulting in an isotonic solution. The ceHs were washed with PBS and 
Zu^o^Tat 2 X 10« cells/ml 1 X 10' cells in 0.05 ml PBS were injected subcutaneously .n o *e hmd 
o"Ss (BDF1 cells in one footpad. C57BU6 cells in the other). The 

ethSiol mixed with olive oil (1:7. ethanoirolive oil). Some m.ce rece.ved mtrapentoneal injectons (0.2 
m*"eitionrcf eiTer ethanoi:olive oil alone (vehicle control group) or compound at 100 mg/Kg per day. 
beoinnino on the same day as the spleen cell injections. - ^ ^ ^ . . . 

Mer 7 days the draining popliteal lymph nodes from the hind limbs were dissected out and weighed 
The m^rltudfofte g"hR w'as'expressed as the ratio of the mean weight of lymph nodes from me mb 
irjectrwim semi-allogeneic C57B^ cells divided by me mean weight of lymph nodes from me l.mb 

'"'"l^eTlfrprr^^^^^^ T^'lE 4 show mat a representative compound of mis invention which is a 
potemin t ^rbT^BP acti^^^ and mitogen-induced T-cel. proliferation also '"''^^^^ 
GVHR. Thus, for me untreated or vehicle control groups, me mean lymph node weighte «™n^ BDF1- 
Snsitized limbs were Z2 - 3.1 times mat of C57B.6-sensitized limbs. By ^'^^•^1"'^!'^ ^^^^^^ 
test compound virtually no GVHR was detected (ratio = 1.2). For companson. .n m.s example a group of 
Tce ^^te^T^lo mg/kg/day of cyclosporin A (Sandoz Ltd.. Basel. Switzerland). Cydosponn A also 
inhibited the GVHR (ratio = 1 .6). 

TABLE 4 



Treatment 


Lymph Node Weight Ratio 


None 

Vehicle alone 
Compound of Example 16 
Cyclosporin A 


3.1 
22 
12 
1.6 



Claims 

1. A compound of the following structure 
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wherein 

is 



bl^ne^'cTbranched alkyi (Cl-CS) whic. may be substituted independently or simuttanecusly up to 



two times by 

ffi,'^°J;^.VciO) ™, be s«b=t,u«<. s^aish, or tran«.d ,»y, (CCa). or sl^jm 

:^*:^MciiS'.f:i?^-y »e 3..s«« b, s.^.. or^.^ (ci-ca.. . 

straight or branched ajkoxy (C1-C6). or 
0 Se^eTc^'S. diene (04-010). or triene (08-018). which may be substituted independently or 

simuitanecusiy up to three times by 
1) phenyl, 

ii) straight or branched aikyi (C1-C6), or 

iii) straight or branched aikoxy (C1-C6). 

d) cycloalkyi (CS-CIO). or the cycioalkyi fragment 




where 

m is an integer of 0, 1 . or 2, 
J. K, and L are independently or simultaneously 



rSt"or branched alKy. (01-05). which may be substituted by phenyl, or straight or branched 
aikoxy (C1-C6), 

in) straight or branched aikoxy (C1-C5). 

;i) pS substituted by straight or branched all^l (01-CS). or chlorine, or straight or branched 

aikvUCi-C6^ or straiaht or branched aikoxy (CI -C6), or phenyl, . . , „„,^h«i 

substituted up to two times by 

i) straight or branched alkyl (C1-C6), 

ii) straight or branched aikoxy (01 -C6). 

iii) halogen, where halogen is fluoro. chloro. bromo. or lodo, 
g) the piperonyl fragment 
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where 

z is an integer of 1 , or 2. 

and £2, and can independently or simultaneously be hydrogen, straight or branched alkyi (Cl- 
C6). straight or branched aikoxy (Cl-CS), or chlorine, or 
h) the aryl derivative 



U 




W 



where 

U. V. and W can be independently or simultaneously 

i) hydrogen, 

ii) straight or branched aikyi (C1-C6). straight or branched aikoxy (C1-C6). phenyl, or phenoxy. 
these groups may be substituted by phenyl, straight or branched aikoxy (C1-C6), or phenoxy, 

ifi) hydroxy, 
Iv) halogen, 
v) nitro. or 
vt) benzoyl; 

Y is a covalent bond, oxygen, NR^, where is hydrogen, in addition, 
R^— Y— may also be 

where 

k is an integer of 1 or 2 
R8 is 

a) hydrogen, 

b) carfaoalkoxy with a straight or branched aikoxy (C1-C6), 

c) straight or branched alkyI (C1-C6) which may be substituted by phenyl, or straight or branched 
aikoxy (C1-C6). 

d) phenyl, or phenyl substituted by halogen, 

R^ is phenyl which may be substituted by straight or branched alky I (C1-C6): 

R2 and R^ are defined as follows: one of and R^ are hydrogen, and the other is hydrogen or straight 
or branched aikyI (C1-C6); 
n is an integer of 2 or 3; 

A is oxygen or NR^°, where R^** is hydrogen or straight or branched alkyI (C1-C6); 
R* and R^ may independently or simultaneously be 

a) hydrogen, 

b) straight or branched alkyl (C1-C8) which may be substituted by 
i) phenyl, or phenyl substituted by hydroxy or aikoxy (C1-C2). 
Ii) cycioalkyi (CS-C8), 
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iii) alkyithio (C1-C6). 

V) straight or branched alkoxy (C1-C6) which may be substituted by prenyl, 

d) tf^o^^/^ (C3^7). which may be substituted by straight or branched alk-yl (C1-C6). 
in addition, R* and Ff. taken together can be 

where 

r is an integer of 4 or 5; 

G is one of the following fragments 

-HC = CH-. -CHs •CH:-. or -CHj- 
or one of the following fragments 

o 9 

— C-N — or — C-O — 

where R'^ is hydrogen or methyl, such that the cartonyl group is attached to the carbon bearing R* 
and Rs and that NR'^ and oxygen are connected to R6. respectively; 
p is an integer of 0 or 1 : 
R« is 

a) hydrogen, ^ ^ u 

b) straight or branched alkyi (C1-C6) which may be substituted by 

H)?hTnyl substituted with straight or branched aikyi (C1-C8). straight or branched alkoxy (C1-C8). 
or 

0 pLn^fnUmyl. furyl. thiofuryl. cycioaiky. (CS^). bicyclo^^/l (C6-C10). ^-y<^^^^^^^^'^^ 
tetLycL^ (C1(K:i6). pentacyclcalkyl (C11-C20) or benzoyl, such groups may be substituted by 

io^rJTubstituted by a straight or branched alkoxycarbonyt (C1-C6) that may be substituted by 

phenyl or an alkene (C2-C6). 

Iii) amino substituted by aikanoyi (C1-C6). or benzoyl. 

iv) sulfonamide (-SO2NH2), or «K^n,.i. 
V) hydroxy, or a straight or branched alkoxy (C1-C6). that may be substituted by phenyl, 
and said composition's pharmacuetically acceptable salts. 

. A compound of the following structure 




wherein 
is 

a) hydrogen, 

b) linear or branched alky I (C1-C6) which may be substituted 
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i) one by hydror/, 

ii) once by phenyl which may be substituted by straight or branched aJkyI (C1-C4), or straight or 
branched aikoxy (C1 -C6), 

iii) once by cydoaJkyl (C3-Ca) which may be substituted by straight cr branched aikyi (Cl-Co), or 
straight or branched aikoxy (C1-C4). 

iv) once by bicydoaikyl {C6-C10) which may be substituted by straight or branched aikyi (Cl-CS). 
or straight or branched aikoxy (C1-C4). 

v) once by tricydoaikyi {C7-C12) which may be substituted by straight or branched aikyi (C1-C8). 
or straight or branched aikoxy (C1-C4), 

V!) once by tetracydoaikyi (C10-C12). which may be substituted by straight or branched aikyi 
(Cl-Ca), or straight or branched aikoxy (C1-C4), 

vii) up to two times by phenyl and cycloaikyi (C5-C7). or 

viii) up to two times by phenyl and morphoiinyl. 

c) aJkene (C3-Ca), which may be substituted by phenyl, straight cr branched alkyi {C1-C4). or 
straight or branched aikoxy (C1-C4). 

d) diene {C4-C7) substituted by straight or branched aikyi (Ci-Co). or straight or branched aikoxy 
(C1-C4). 

e) triene (C10-C16) substituted up to three times by straight or branched aikyi (C1-C6), or straight or 
branched aikoxy (C1-C4). or 

f) cydoalkyi (C5-C10). or the cydoaikyi fragment 




where 

m is an integer of 0. 1. or 2, 

J. K, and L are independently or simultaneously 

i) hydrogen, 

ii) .straight or branched alkyl (C1-C5). which may be substituted by phenyl, or straight or branched 
aikoxy (C1-C4), 

iii) phenyl, or 

iv) phenyl substituted by straight or branched aikyi (C1-C4). or chlorine, or straight or branched 
aikoxy (C1-C4), 

g) bicydoaJkyI (C7-10) which may be substituted up to 3 times with straight or branched alkyl (C1- 
C6). or straight or branched aikoxy {C1-C4), 

h) tricydoaikyi (C7-14) which may be substituted up to 3 times with straight or branched alkyl (C1- 
C6). or straight or branched aikoxy (C1-C4), 

i) tetracydoaikyi (C10-C15) which may be substituted up to 3 times by straight or branched alkyl 
(C1-C6), or straight or branched aikoxy (C1-C4), 

D naphthyl derivatives, or the heteroaryl derivatives benzothienyl, benzofuryl, benzopyranyl, furyl, 
pyridyl, pyranyl, or 1,3-oxa2olyl. said derivatives may be substituted up to two times by 

i) straight or branched alky! (C1-C6), 

ii) halogen, 

iii) or both, 

k) 1 ,2,3.4-tetrahydronaphthyl, 
I) the piperonyl fragment 



EP 0 564 924 A2 




where 

z is an integer of 1. or 2. 

and P. E2. and E3 can be independently or simultaneously hydrogen, straight or branched aikyi (Cl- 
C4). straight or branched aikoxy {C1-C4). or chlorine, 
m) the aryl derivative 




where 

U. V, and W can be independently or simultaneously 
i) hydrogen, 

iO straight or branched alkyi (C1-C4). which may be substituted by phenyl. 

iii) straight or branched aikoxy (C1-C6) which may be substituted by phenyl, straight or branched 
aikoxy (C1-C4). or phenoxy, 

iv) hydroxy, 

v) phenyl, 

vi) halogen, 

vii) nitro, 

viii) benzoyl, or 

ix) phenoxy; 

Y is a covalent bond, oxygen. NR^. where is hydrogen, in addition. 
Ri— Y— may also be 



where 

k is an integer of 1, or 2, 
R« is 

a) hydrogen, 

b) carboaikoxy with a straight or branched aikoxy (C1-C4). 

c) straight or branched alkyi (C1-C4) which may be substituted by phenyl, or straight or branched 
aikoxy (C1-C4). or 

d) phenyl, or phenyl substituted by halogen. 

R« is phenyl which may be substituted by alkyi (C1-C4); ^,v,hf 
R2 and R3 are defined as follows: one of R^ and R^ are hydrogen, and the other is hydrogen or straight 
or branched aikyI (C1-C6): 

n is an integer of 2 or 3; - z-.x 

A is oxygen or NR^o. where R^° is hydrogen or straight or branched alky I (C1-C4); 
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R* is 

a) hydrogen, 

b) straight or branched alkyi (C1-C6) which may be substituted by 

i) phenyl, or phenyl substituted by hydroxy or methcxy. 

ii) cycioalkyi {CS-CSl 
ill) aikylthio (C1-C6). 
iv) carboxamido, or 

V) straight or branched aikoxy (CI-C0) which may be substituted by phenyl. 

c) phenyl, or 

d) cycioalkyi (C3-C7). which may be substituted by straight or branched alkyi (C1-C6); 
R5 is hydrogen or straight or branched aikyi (C1-C4). and R* and R^. taken together can be 

-{CH2)r- 
where r is an integer of 4 or 5; 
G is one of the following fragments 

-HC = CH- -CH2 • CH2-. or -CH2- 
or one of the following fragments 

O O 
. II n 
— C-N— or — C-0 — 



where the carbonyl group is attached to the carbon bearing R* and R^ and NR^^ and oxygen are 
connected to R^ . respectively. 
R^2 is hydrogen or methyl; 
p is an integer of 0 or 1; 
RMs . 

a) hydrogen. ^ . . u 

b) straight or branched alkyi (C1-C4) which may be substituted by 

ii) Xnyl substituted with straight or branched alkyi {C1-C4). straight or branched aikoxy {C1-C4), 
or 

iii) 2- or 4-pyridyl. 

c) phenyl or naphthyl, which may be substituted by 

i) amine. 

ii) amino substituted by a straight or branched aikoxycarbonyl (C1-C6) that may be substituted by 
phenyl or an alkene (C2-C6), 

ill) amino substituted by aikanoyi (C1-C6), or benzoyl. 
Iv) sulfonamide (-SOsNHb). or 

V ) straight or branched aikoxy (C1-C6). that may be substituted by phenyl. 

d) benzoyl, 

e) furyl, or thiofuryl. or 

0 cycioalkyi (CS-C8). bicycloalkyi (C6-C10). tricycloalkyi (C7-C12). or tetracycioalkyi (C10-C14); 
and said composition's pharmacueticaily acceptable salts. 

3. A compound of the following structure 



R2 R3 
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wherein 

is 

a) hydrogen, 

b) linear or branched allc/1 (C1-C6) which may b substituted by 

i) hydroxy, 

ii) phenyl, or phenyl substituted by straight or branched aiJc/i (C1-C4). 

iii) cydoalkyt (C3-Ca) which may be substituted by straight or branched ailc/l (C1-C4), 

iv) bicydoaikyl (C6-C9) which may be substituted by straight or branched alky! (CI -Co). 
V) tricydoaikyi (C7-C12) which may be substituted by straight cr branched alkyl (C1-C4). 

vi) tetracycioailc/l (C10-C12). which may be substituted by straight cr branched alkyi (C1-C8). 

vii) both phenyl and cycloaitcyl (CS-C8). or 

viii) both phenyl and morphoiinyi. 

c) aikene (C3-C6), which may be substituted by phenyl. 

d) diene (CS-C8) substituted by straight or branched alkyl (CvC4). 

e) triene (C13-C16) substituted up to three times by straight or branched alkyl (C1^). 

f) cydoalkyi (C5-C6), or the cycioalkyi fragment 




where 

m is an integer of 0. 1 . or 2. 
J. K, and L are independently or simultaneously 
1) hydrogen, 

ii) straight or branched alkyi (C1-CS). 

S substituted by straight or branched alkyl (C1-C4). or chlorine, or straight or brancf^ed 

g) biSdcS^^^^ which may be substituted up to 3 times with straight or branched aikyi (CI- 

h) tricydoaikyi (C7-12) which may be substituted up to 2 times with straight or branched alkyl (C1- 

i) tetracydoaikyi (C1(>C12) which may be substituted up to 3 times by straight or branched alky! 

j) 2-benzothienyi substituted independently or simultaneously at least twice by either 

i) straight or branched alkyl (01 -C3). 

ii) chlorine, 

iii) or both, 
k)2-furyi, 

I) 2-pyridyl, 

m) 2-naphthyi, 

n) 1,2,3.4.tetrahydronaphthyl, 

o) 2-benzopyranyi, 

p) 2-benzofuryl, 

q) the piperonyl fragment 
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where 

2 is an integer of 1 . c 2. 

and E\ E^. and e» are hydrogen, or 

r) the ar/i derivative 



U 




W 



uTand W oan be independently or simultaneously 
i) hydrogen. 

i) straight or branched alkyi (C -C4). 
ij) straight or branched alkoxy (C^'C^^ 

iii) alkoxy (C2) substituted by alkcx>/ (C2). or phenoxy, 

iv) hydroxy. 

v) phenyl, 

vi) fluorine, 

vii) chlorine. 

viii) bromine, 

ix) nitro, 

x) benzyioxy, 

xi) benzoyl. 

xii) phenox^/; j . hydrogen; 
Y is a covaient bond, oxygen. NR^ where H is y 

in addition, 

Rt— Y— may also be 



where 

k is an integer of 1 , or 2, 
P? is 

a) hydrogen, . 

d) phenyl, 

% ITTL defined as tcllows: one of and is hydrogen, and the other 
or branched alkyI (C1-C4); 

is 

S .rancid *. (C1-C4) whici, .~, be .l=s.Med 

i) phenyl, 

ii) cydoaikyl (C5-C6). 

iii) aikylthio (C1-C4). 

iv) carboxamido. or 

v) benzytoxy. or 
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c) phenyl; ^ 
RS is hydrogen or straight cr branched ailc/l (C1-C4). and R* and R-. taxen together can be 

-{CH2)- 
where r is integer 5; 
G is one of the following fragments 

-HC = CH-. -CHs • CH2-. or •CH2- 
or one of the following fragments 

O O 
— C-N— or — C-O — 

where the carbonyl group is attached to the carbon bearing R* and R- and NR^2 oxygen are 
connected to R^. respectively. 
R^2 is hydrogen or methyl; 
p is an integer of 0 or 1 ; 
R« is 

a) hydrogen. 

b) straight or branched aikyi (C1-C4) which may be substituted by 
i) phenyl. 

iO phenyl substituted with alkoxy (C1-C2). 
ill) 2- or 4-pyridyi. 

c) phenyl which may be substituted by 
i) amino, 

. ii) amino substituted by allyioxycarbonyl. 
ill) amino substituted by acetyl. 

iv) amino substituted by benzoyl, 

v) amino substituted by benzyloxycarbonyl. 
ifi) sulfonamide {-S02NH2). or 

iv) straight or branched alkoxy (C1-C4). 

d) benzoyl, 

e) furyl, 

f) naphthyl, 

g) cycloaikyi (CS-CS), or 

h) tetracycioalkyi (C10-C12); 

and said composition's pharmacuetically acceptable salts. 

A compound according to Claim 1 for the treatment of inflammations. 

The compound of claim 3 comprising a composition represented by a structure selected from the 
group consisting of: 

L-lsoleudne. N-{l^2^*Ben2yloxy-2-Oxoethyl)-L-Prolyl] Benzylamide; 

L-isoleucine. N-[l-(2-Methoxy-2-Oxoethyi)-L-Prolyll Benzylamide; 

L-lsoieucine. N-[l-(2-Phenyl-2-Oxoethyl)-L-Prolyl] Benzylamide; 

L-lsoleucine, N-{l-{2-Naphth-2-yl-2-Oxoethyl)-L-Prolyl] Benzylamide; 

L-Isoleucine, N-[l-{2-(Biphenyl-4-yl)-2-Oxoethyl)-L-ProIyI] Benzylamide: 

L-lsoleucine, N-[1-{2-(2-Methoxyphenyl)-2-Oxoethyl)-L-Prolyl] Benzylamide; 

L-lsoleudne. N-[1 •{2-{5-Chloro-3-Methyl-faenzotBIthiophene-2-yi)-2-Oxcethy l)-L-Proly I] Benzylamide; 

L-lsoleudne. -(2-<trans.trans-Hexa-2,4<Iieny 1-1 -oxy)-2-Oxoethy l)-L-Proly 1] Benzylamide; 

L-lsoleucin , N-{1-{2-(4-Chlorophenyl)-2-Oxoethyi)-L-Prolyl] Benzylamide; 

L-lsoieucine. N-[1-{2-(4-Methyiphenyl)-2-Oxoethyi)-L-Proiyl] Benzylamide; 

L-lsoleucin . N-{1-<2-(4-Methoxyphenyl)-2-Oxoethyl)-L-Prolyl] Benr/lamide; 

L-lsoleucine. N-Methyl-N-IH2-Phenyl-2-Oxoethyl)-L-Prolyl] Benzylamide; 

L-lsoleudne. N-{1.{2-Phenyl-2-Oxoethyl)-L-Homoprolinel Benzylamide; 

L-Phenylglydne. N-I1-(2-Phenyl-2-Oxoethyl)-L-Proline Benr/lamide: 

L-lsoleudne, N-[1 ^1 -Methy l-2-Pheny l-2-Oxoethy IK-Proly I] Benzylamide; 

L-lsoleudne, N-[1 ^2-(3-Methoxyphenyl)-2-Oxoethy l)-L-Prolyl] Benr/lamide; 



EP 0 554 924 A2 



L-lsoleucine, N-{1 -{2-{3>Oihydrox7phenyO-2-Oxcetfiy l)-L-Prolyl] Senr/ianide; 

L-lsoleucine. N-.V1ethyi-N-{1 -{2-Benr/ioxy-2-Oxoethyi)-L-Proiy(] Benzyiamide; 

L-isoieucine, N-[HCartct;enzyloxymethyiene)-L-Homoproline Eenzylamide; 

L-isoieucine. N-{H2-Adamantan-1-yi-2-05(cethyi)-L-Proiyl] Benzyiamide; 

L-lsoleucine, N-{HCarto-tert-autoxymethyiene)-L-PrGline] Senr/iamide: 

L-lsoieiiCine. N-{1-{2-tert-autyl-2-Oxoethyi)-L-Proline] Benrylamide; 

L-lsoleucine. N-[1 -{2-<2,5-0imethcxyphenyi)-2-Oxcethyl)-L-proly I] Benr/lamide; 

L-lsoieucine, N-{1 -{2-{2>OimethoxyphenyO-2-Oxcethyl)-L-Prolyl] Senzylarfiide; 

L-Isoleucine, N-{1 -{2-{2-Nitrophenyi)-2-Oxcethyl)-L-Praly 1] Benzyiamide; 

L-lsoleucine, N-{1-{2-(4-Nitrophenyl)-2-Oxcethyl)-L-Prolyn Benzyiamide; 

L-lsoleucine, N-{1 -{2-{3-Benzyloxyphenyi)-2-OxcethyiH-Proly I] Benzyiamide; 

L-lsoIeucine, N-{1 -{2-{2,4-0imethyiphenyi)-2-Oxcethy i)-L-Proly I] Benr/lamide; 

L-lsoleucine, N-{1 -(2-{4-Ruorophenyi)-2-Cxcethyi)-L-Prolyl] Benr/lamide; 

L-lsoleucine, N-[1 -(2-(4-Sromopheny l)-2-0xcethy l)-L-Prolyi] Benr/lamide; 

L-lsoleucine, N-{1 -{2.4-Oichlorophenylcarbamoylmethyl)-L-Proline] Benr/lamide; 

L-lsoleucine, N-[1 -{2-Adamantan-1 -yl-2-Oxcethyl)-L-Homcproiine] Benr/lamide; 

L-lsoieucine, N-{1-{2-Furan-2-yI-2-Oxoethyl)-L-Prolyl] Benzyiamide; 

L-lsoleucine, N^1-{2-Pyrid-2-yl-2-Oxoethyl)-L-Prolyl] Benzyiamide; 

L-lsoleucine, N-{1-<Adamant-1-ylcaitamoylmethyl)-L-Prolyi] Benr/lamide; 

L-lsoleucine, N-{1 ^2-(cis-Octahydro-pentalen-1 -yl)-2-Oxoethyl)-L-Prciyl] Benzyiamide; 

L-lsoleucine. N-nK2-(2.6,6-Trimethyl-Bicyclo"[3.1 J]hept-3-ylK-OxcethylH-Proty Benzyiamide; 

L-Isoleucine, N.{1 -(2-{4-Pentylcyciohexyl)-2-Oxoethyl)-L-Proiyl] Benr/lamide; 

L-lsoleucine. N-[1 -(2-(1 ,2,3,4-tetrahydro-Naptfittiaien-2-yi)-2-Oxoethyl)-L-Prolyl] Benzyiamide; 

L-lsoleucine. N-[1 -{2-<1 -Methyl-Cyc!ohexyl)-2-OxoethylK-Prolyll Benr/lamide; 

L-lsoleucine. N-{H2-Oxo-2-Tricyclo(3.3.1.0 ^•^]Non-3-yl-Ethyl)-L-Prolyl] Benrylamide; 

L-Isoleucine, N-{1 ^2-Oxo-3-{3-Methyl-Adamantan-1 -yi)-Propy l)-L-Prolyl] Benzyiamide; 

L-Proiine. H2-Adamantan-1 -yi-2-Cxoethyl) Benzyl Ester; 

L-lsoleucine, N-[1 -(2-(Biphenyl-4-yl)-2-Oxoethy!)-L-Prolyl] 1 .2,3,4-TetratiydrGlsoquinolinamide; 
L-Isoleucine, N-{1-<2-(Biphenyl-4-yl)-2-Oxcethyl)-L-Prolyl] Benzyl Ester; 
L-isoleucine, N-{1-(2-(Biphenyl-4-yl)-2-Oxoetfiyl)-L-Proly!] tert-Butylamide; 
L-PhenylaJanine, N-{1-{2-<Biphenyl-4-yl}-2-Oxoethyl>L-Prolyl] Benr/lamide; 
L-Methicnine. N-[1-{2-(Biphenyl-4-yl>-2-Oxcethyl)-L-Prolyl] Benzyiamide; 
Glycine, N-[1-(2-Adamantan-1-yl-2-OxoethylK-Prolyl] Benzyiamide; 
L-VaJine, N-[1-{2-Adamantan-1-yl-2-Oxoethyi)-L-Proiyl] Benzyiamide; 
L-Leucine. N-{1.{2-Adamantan-1-yl-2-OxaethyI)-L-PrQlyl] Benzyiamide; 
L-Phenylalanine, N-[1-{2-Adamantan-1-yl-2-Oxoethyl}-L-Pfolyl] Benzyiamide; 
L-Norvaiine, N-[l-{2-Adamantan-1-yl-2-Oxcethyi)-L-Prolyl] Benzyiamide; 
L-Norleucine, N-(1-(2-Adamantan-1-yl-2-Oxcethyl)-L-Praiyl] Benzyiamide; 
L-Asparagine, N-I1-{2-Adamantan-1-yl-2-Oxcethyi)-L-Prolyi] Benzyiamide; 
L-Serine^O-Benzyl Ether), N-{1-<2-Adamantan-1-y!-2-Oxoethyl)-L-ProIyl] Benzyiamide; 
L-^-Pheny lalanine, N-(1 -(2-Adamantan-1 -yl-2-Oxoethy IK-Proiy I] Benzyiamide: 
L-Cyc!ohexylalanine, N-C1-{2-Adamaman-1-yl-2-Oxoethyl)-L-Prolyl] Benr/lamide; 
L-lsoleucine, N-{1 ^2-Adamantan-1 -yl-20xoethyl)-L-Prolyl] aipha-(S)-methylbenzylamide; 
L-lsoleucine, N-[l -{2-Adamantan-1 -y l-2-Oxoethy l)-L-Proly I] aipha-{R)-methyibenzylamide; 
L-lsoleucine, N-{1-{2-Adamantan-1-yl-2-OxoethyI)-L-Prolyl] Pyridin-4-ylmethyiamide; 
L-lsoleucine, N-{i-(2-Adamantan-1-yl-2-OxoethyO-L-Proiyl] Pyridin-2-ylmethyiamide; 
L-Isoleucine, N-{1-<2-Adamantan-1-y!-2-Oxoethyl)-L-Prolyl] 4-methcxy benr/lamide; 
L-lsoleucine. N-{l-(2-Adamantan-1-yl-2-Oxoethy[)-L-Prolyll 2-methoxy benzyiamide; 
L-lsoieucine. N-{l^Carboxymethyl)-L-Prolyll Benzyiamide; 

L-isoleucine. N-(l-{2-{N-(Piperidine-3-CarboxyIic Add Ethyl Ester)l-2-Oxcethyl]-L-Prolyi] Benzyiamide: 

L-isoleucine. N-{1 -{2-{1 ,4-Dioxa-8-aza-spiro[4.5]dec-8-yl>-2-Oxoethyl)-L-Proiyl] Benzyiamide; 

L-lsoleucine, N-[l -{2-{N-(4-Benzylpiperidyl))-2-OxoethylhL-Proiyl] Benr/lamide; 

L-lsoleucine. N-{1 -{2-{2-Methy lpiperidine)-2-Oxcethyi]-L-Prolyl] Benr/lamide; 

L-lsoleucine, N-[1 -(2-(2-Hydroxyethylamine)-2-Oxoethy l}-L-Proly I] Benzyiamide; 

L-lsoleucine. N-[i -{2-{4-Phenylpiperazine)-2-Oxcethy!hL-Pro!yl] Benr/lamide; 

L-lsoleucine. N-{H2-(1-Pyrrolidin )-2-Oxcethyl]-L-Pi'oiyi] Benzyiamide; 

L-lsoleucine, N-{1 -{2-(N-Cydopentylamino)-2-OxoethyihL-Prolyl] Benzyiamide: 

L-lsoieucine. N-[1 -{2-(N-(Phenylmethylamino)}-2-Oxoethyl]-L-Prolyl] Benr/lamide; 
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L-lsoleucine. N-{1 -{2-(N-<Cyc!ohexylmethylamino))-2-Oxcethyl>L-Prclyl] Benr/lamide; 
L-lsoleucine. N.{l-<2-{4.PhenylpiperidylW-Oxoethyl)-L.Pro.yl] Be^^^^ 

L-lsoleucine N-{H2-{H3,7.1 i-Trimethyidodeca-2.6.lO-tnen-1-cl)l-2-OxcethylH-Prol.nel Benr/iamide: 

L-lsoleucine! N-rH2-(3-?henyl-2-Propen-1-OxY)-2-Oxoethyl)-L-Prolyll Benr/iamide; 

L-lsoleucine. N-{1-{2-(3-?henyi-3-Methyl-2-Propen-1-Oxy)-2-OxoethyO-L-Prclyl] Benzyiamide: 

L-lsoleucine, N-{1 '{2^{^ -Phenylpropoxy)-2-Oxoethy l)-L-Prolyl] Benzyiamide; 

L-lsoleucine. N-{1 ^{2^{^ -Phenyl-1 .Cyclohexylmethoxy)-2-Oxoethyl)-L-Proly 1] Senr/lamide: 

L-lsoleucine. N-{1 -<2-(1 .Phenyi-2-<4-.Morpholino)Elhoxy)-2-Oxoethyl)-L-Prclyll Benzyiamide: 

L-lsoleucine. N-{1 -(2-{2-Oxy-2-Methyladamant-2-yl)-2-Oxoethyl)-L-Prolyl] Benzyiamide: 

L-lsoleucine. N-lHAdamantan-2.yicartamoylmethyi)-L-Prolyi] Benzyiamide: 

L-lsoleucine. N-[1-{Adamant-1-ylmethylcart5amoylmethyl)-L-Prolyl] Benr/iamide; 

L-lsoleucine. NHH2-{2-MethyM-(S)-Phenyl-1-Propoxyh2-Oxoe%l)-L-Proiyll Benzyiamide 

L-lsoleucine. N-{H2-(2-Methyl-1-{R)-PhenyM-Propoxy)-2-Oxoethyl)-L-Prolyll Benzyiamide; 

L-lsoleucine. N-{l-(2-(4-tert-Butylcyclohexyl)-2-Oxoethyl).L-Prolyl] Benr/lamide; 

L-lsoleucine. N-{H2-aic/clot2^.1]hept-2y))-2-Oxcethyl)-L-Prolyl] Benr/lamide; 

L-lsoleucine. NHi-<2-(3.4.5-Trimethoxyphenyl)-2-Oxoethyl)-L-Prolyi] Benzyiamide; _ 

L-lsoleucine. N-{1-(2-(Chroman-2-yl)-2-Oxoethyl)-L-Prolyi] Benzyiamide Hydrochlonde S^t. 

L-lsoleucine. N-{1-(2-(Benzofuran-2-yl)-2-Oxoethyl)-L-Prolyll Benzyiamide hydrochlonde Salt 

L-lsoleudne. N-{1 -{2-(3-aenzoyloxyphenyl)-2-Oxoethy))-L-Prolyi] Benr/lamide; 

L-lsoleucine. N-{1 -{2-{4-Benzoyloxyphenyl)-2-Oxoethyl>L-Prolyi] Benzylam.de; 

L-lsoleucine. N-{1 -(2-(2-Benzoyloxyphenyl)-2-Oxoettiyl)-L-Prolyll Benzylam.de: 

L-lsoleucine. N-{1-(2-(3-Phenoxyphenyl)-2-Oxoethyl)-L-Prolyl] Benzylam.de: 

L-lsoleucine. N-[1 -(2-{2-Phenoxyphenyl)-2-Oxoethyl)-L-Prolyl] Benr/lamide: 

L-lsoleudne. N-{1 -(2-<3.4.5-Triethoxyphenyi>-2-Oxoethyl)-L-Prolyl] Benzyiamide; 

L-lsoleudne. N-l1-{2-(Eenzc(1.31dioxol-5-yl)-2-Oxoethyl).L-Prolyl] Benr/lamide; 

L-lsoleudne, N-{1-{2-Oxo-2-[4H2-Phenoxyethoxy)-Phenyl>EthylH-Prolyl] Benzylam.de: 

L-lsoleudne. N-[H2-(4-Phenoxyphenyl)-2-Oxoethyl)-L-Prolyl] Benzylam.de: 

L-lsoleudne, N-[1 ^2-{2.4.6-Trimethoxypheny l)-2-Oxoethyl)-L-Prolyl] Benzyiamide: 

L-lsoleudne. N-{1 ^2-(2.3-0imethoxyphenyl)-2-Oxoethyl)-L-Prolyl] Benr/lamide; 

L-lsoleudne. N-£i-<2-(2.6-Dimethoxyphenyl)-2-OxoethylH-Prolyll Benzylam.de: 

L-lsoleudne. N-{1-(2-<1-(4-Methylphenyl)cyclohexyl)-2-OxoethylH-Proly I] Benzyiamide: 

L-lsoleudne. N-{1-(2-{1-{4-Chlorophenyl)cydohexyl)-2-OxoethylK-Prolyl] Benzyiamide; 

L-lsoleudne. N-[1 -<2-{2,3.4-Trimethoxyphenyl)-2-OxoethylH-Proly I] Benzyiamide: 

L-lsoleudne. N-{1-{2-(1-Phenylcyclohexyl)-2-Oxoethyl>-L-PrQlyll Benr/lamide; 

L-lsoleudne. N-£1 -(2-{2.4.5-Trimettioxyphenyl>2-OxoethylH-Praly "1 Benr/lamide; 

1-{2-(3.4.S-Trimethoxyphenyl)-2-Oxoethyl] L-Proline Benzyl Ester Hydrochlonde: 

L-Proline. H2-<3.4.5-Trimethoxyphenyl}-2-Oxoethyl] Benzyiamide Hydrochlonde; 

L-Proline. 1-{2-(3.4.5-Trimethoxyphenyl>2-Oxoethyl] 2-Phenethylamide Hydrochlonde; 

L-Proline. 1-{2-<3.4.5-Trimethoxyphenyl)-2-Oxoethyl] S-Phenylpropylamide Hydrochlonde: 

L-Proline. H2-{3.4.5-Trimethoxyphenyl)-2-Oxoethyl] 4.Phenylbutylamide Hydrochlonde: 

L-Proline i?f2^3 4 5-Trimethoxyphenyl)-2-Oxoethyll 2-<Pyrid-2-yl)ethylamide Dihydrochlonde; 

L-pS e! H2-^^:i -T 1^^^ 2-<4.aminophenyl)ethylamide Dihydrochlonde: 

L-PrSline. H2-<3;4.S.T9methoxyphenyl)-2-Oxoethyll 3^4KN-CarboalIyloxy]ammophenyl)prcpyl Ester 

Hydrochloride; 

L-Proline. H2-(3.4.5-Trimethoxyphenyl)-2-Oxoethyll 2-Phenyl-2 oxoethylam.de: 
L-Pronne. H2-(3.4.5.Trimethoxyphenyi>-2-Oxoethyll Tetrahydrofurfurylamide; 
L-Proline. H2-{3.4.5-Trimethoxyphenyl)-2-Oxoethyll Naphthalen-I -ylmethylam.de: • 
L-Proline. H2-(3.4.5-Trimethoxyphenyl)-2-Oxoethyl]2-<4-Sulfamoylphenyl)etfiylam.de. 
L-Proline. H2-(3.4.5-Trimethoxyphenyl)-2-Oxoethyll 4.Phenylpiperideny^.de: 
L-Prolin . i-C2^.4.5-Trimethoxyphenyl>-2-Oxoethyll 4.Methoxybenzam.de Hydroch onde 
L-Proline. H2-<3.4.5.Trimethoxyphenyl)-2-Oxoethyl] 3-Methoxybenzam.de Hyd och onde 
L-Proline. H2^3.4.5.Trimethoxyphenyl)-2-Oxo thyl] ^•^f^^'^^'"'^f''\^'i°^^^ 
L-Proline. H2^3.4.5-Trimethoxyphenyl)-2-Oxoethyl] N-Methylphenethylam.de Hyd ^^onde 
L-Prolin . H2^3.4.5-Trimethoxyphenyl)-2-Oxoethyll (SW-methylbenzytamide Hyd mchjonde 
L-Prollne UZ-a 4 5.TrimethoxyphenylV2-Oxoethyll (RH-methylbenzylamide HydrochkDnde 
L-Pm ine -^^ 4T-TrimethoxyphenylV2-Oxoethyll 1-m thyl-3-phenylpropylamide Hydrochlonde; 
L-P 0 ine -^2-S 4lTrimetho^phenyl>2-Oxoethyll Adamant-l-ylmethylamide Hydrochlor.de: 
Lp o ne. h'^:! Jt methox^phenyl)-2-Oxoethy.l l-(RH1-naphthyl)ethy. amide Hydrochlonde: 
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L-Proiine. 1 ^2-<3,4.S-Trimethoxypheny l)-2-0xcethyl] Cycichexyimettiy lamicje; 
L-Proline. l-{2-<3,4.5-Trimethoxyphenyi)-2-Oxcethyi] Oiphenyimetfiyiamicie Hydrochicride; 
L-Proiine. H2-<3,4.5-Trimemoxyphenyi)-2-Oxcethyll tert-Butylamicie Hydrcchlcride; 
L-Proline. 1-2-<3,4,5-Trimethoxyphenyl}-2-Oxoethyl] 1 ^-Oiphenyiethyiamide Hydrcchicride: 
L-Proiine, 1-{2-<3,4.5-Trimetfioxyphenyi)-2-Oxcethyil Cyciohexyi amide Hydrochloride; 
1-2-{3,4.5-Trimethoxyphenyi)-2-Oxoethyi] L-Homoproiine Benzyl Ester Hydrcchioride; 
L-Homoproiine. l-{2-(3,4.5-Trimettioxyphenyi)-2-Oxoethyl] Benrylamide Hydrochloride; 
L-Hcmoproiine. 1-{2-{3,4,5-Trimethoxyphenyl)-2-Oxcethyl] Adamant- 1-yimethylamide Hydrcchicrde; 
L-Homoproline, 1 -{2-{3,4,5-Trimethoxypheny l)-2-Oxoethyi] tetrahydrcfurfuryiamide; 
L-Homoproline, 1 -{2-{3,4,5-Trimethoxyphenyl)-2-Oxoethyl] 2-{4-Suifamoy (pheny l)ethy lamide; 
L-Hcmoproline, 1-{2-<3,4,5-Trimethoxyphenyf)-2-OxoethyiI (S)-a-methylbenryiamide Hydrochicride; 
L-Homoproline, 1 -{2-(3,4.5-Trimethoxypheny (>2-Oxoethyl] (1 -(SH2*-(S}-methylpropy l]-3-phenyiprop-2- 
E-enyl)-amide; 

L-Homoproline. 1 ^2-{3.4,5-Trimethoxypheny l)-2-Oxoethyl] (1 -(SH2*-{S}-methy lpropyi>3*pheny Iprcpyl)- 



L-lsoleucine, N-{1 -{2-{3.4,5-Trimethoxypheny l)-2-Oxaethyl)-L-Hcmcproly I] Benzylamide; 
L-{Prolino. 1 -[2-{3,4,5-Trimethoxypheny l)-2-0xaethyl] 2-{4-{N-Acety l)aminophenyl)ethyiamide; 
L-Proline. 1 -{2-{3,4,5-Trimethoxyphenyi)-2-Oxoethyl] 2-(4-(N-Ben2oyOaminophenyi)ethy lamide; 
L-Proline. 1 -[2-<3,4,5-Trimethoxyphenyl)-2-Oxoethyl] 2-{4-(N-cartoalloxy)aminophenyi)ethylamide; 
L-Prcline, 1 -{2-{3.4,5-Trimethoxyphenyl)-2-Oxoethyl] 2-(4-{N-Cart:ofcenr/(oxy)aminophenyl)ethy lamide: 
L-Homoproline. l-{2-(3.4,5-Trimethoxyphenyt)-2-Oxoethyl] 3-(4-{N-CaftoalIyioxy)aminophenyl)propyl 
Ester Hydrochloride; 

L-Proline, 1-{2-Adamantan-1-yi-2-Oxoethyll 3-(4-(N-CarboalIyloxy) aminophenyl)propyl Ester Hydrochlo- 



L-Homoproline. 1-[2-AdamanM-yi-2-Oxcethyi] 3-(4-(N-Carboailyloxy)aminophenyl)propyl Ester Hydro- 
chloride. 

6. A medicament containing at least one compound according to Claim 1 . 

7. Use of the compounds according to Claim 1 for the manufacturing of a composition for the treatment of 
Irrfiammation. 

a, A method for making the composition of claim 3, comprising the following steps: 



amide; 



ride; and 




A-R 



(c) 



R^— 




A-R 



which are 

(a) coupling an N-protected imino acid to an amine or an aJcohol to form a C-substituted, N- 
protected imino add; 

(b) removing the protecting group from said C-substituted, N-protected imino acid; and 

(c) alkylating the resulting imino add from step (b) at the nitrogen position with an a-halo ester, o- 
halo ketone, or an o-halo amide. 



9. A method for making the composition of claim 3. comprising the following steps: 



EP 0 564 924 A2 




which are 

a) deprotecting the 2-position of a first 2-oxcethyl derivative; and 

b) coupling the resulting acid derivative from step (a) to form a second 2-oxcethyl derivative. 
10. A method for making the composition of claim 3, comprising the fcilowtng steps: 




which are • 

a) deprotecting the imino acid C-termini of a 2-oxoethyi derivative to form a 2-oxoethyl imino add; 
and 

b) coupling said 2-oxcethyl imino acid resulting from step (a) with an amine or an alcohol to fcnn a 
C-substituted, 2-oxoetiiyi imino acid derivative. 



